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1X che courfe by my a dernontvesior 3 
in the year 1777, I repeated in the prez 
fence of my hearers thofe celebrated experi- 
ments of the Academy of Cimento, which’ 
thew that the ftomachs of fowls and dtcks ° 
exert fo aftonifhing a force as to reduce hol- - 
_ low globules of glafs to powder in the fpace. 
of a few hours. Finding them perfe@ly exaa, 
I conceived the defign of extending them to 
fome other individuals of that clafs of birds 
which have been termed birds with mu/cular 
fromachs or gizzards. Such were the. firft 
lines of an undertaking, of which till that 
time I had never: wows ia the {malleit idea, — 
d which afterwards became more and more 
extenfive, as my curiofity concerning fo fine 
and ufeful a fubject as the important funétion 
of Digeftion increafed. Hence from animals 
v “ith mufcular ftomachs, I was induced to 
proceed to thofe with intermediate, and from 
thefe again to animals with membranous fto- 
Vou. I. B B _-machs, 


a 


Me ee ee ee 
machs (a): Thus I enjoyed the pleafure of 
extending my refearches to the principal 
clafles of animals, not neglecting Man, the 
nobleft and moft interefting of all. But thefe 
phyfiological refearches laid me under the 
neceflity of examining the moft celebrated 
fyftems concerning Digeftion, and of enquir- 

» ing whether it is aiecied by trituration, by a 
folvent, by fermentation, or by an incipient 
putrefaction : or whether, according to the 
Opinion of the great Boerhaave, it rather de- 

ends upon all iets caufes operating in con- 
_jundion. Thus I was obliged to enter anew 
upon a queftion of very ancient date, and 
though difcufied at great length by many 
phyfiolovifts, yet not in my opinion fuf- 
ficiently elucidated; fince moft writers have 
chofen to follow the delufive invitation of 
theory and hypothetis, rather than the un- 
erring direction of decifive experiments. The 
impartial and judicious reader, when he thal 
have perufed the prefent effay, will be able 
to determine, whether what I affert, be true 
or falfe. | 


(a) Thes, tviri, andc v¥ paragraphs will explain what, 
is meant by birds with ia a lar, intermediate, and membra-. 
nous fomachs, 


DLE Se. 


DISSERTATION L 
CONCERNING 


D*?°@ £°S°r + 6'N, 


ON THE DIGESTION OF ANIMALS WITH 
MUSCULAR STOMACHS, COMMON FOWLS,— 
TURKEYS, DUCKS, GEESE, DOVES, Pi- 
GEONS., | 


I. ) eee there perhaps exifts.no 
| animal, of which the ftomach is not 
furnifhed with mufcles, yet there is a fingu- — 
Jar clafs, juftly denominated by feveral natu- 
ralifts animals with mufcular ftomachs, fince 
that vifcus is provided with remarkably large 
and powerful mufcles. To this clafs belong 
fowls, ducks, pigeons, geefe, partridges, &c. 
So great is the ftrength of thefe mufcles, that 
“many have imagined that they produce di- 
geftion by acting violently upon the contents 
ef the ftomach, and breaking down and re- 

Bi2"4 ' ducing 


e pt sstrraztri0N oe 


ducing them to a pultaceous mafs, in no re- 
{pect differing from imperfect chyle. This 
notion was afterwards applied to other ani- 
mals, nor was man himfelf exempted; and it 
has been pretended, that digeftion is univer- 
fally owing to the alternate action of the muf- 
cles of the ftomaclh, or, as it has been termed, 
to frituration. — | ; | 
ir. Now, to confine ourfelves to animals 
with mufcular ftomachs, there was little dif_i- 
culty in devifing the means of ‘determining 
whether the comminution and folution of 
food is effected by the gaftric mufcles. Such 
means have been contrived and fuccefsfully 
put in practice by Reaumur. ‘* Let feveral 
~ animals refembling each other in ftructure,” 
fays that great naturalift in his two excellent — 
memoirs on this fubject, of which I fhal} | 
tnake frequent ufe in the fequel, ‘* be made 
to fwallow metallic tubes open at both ends, 
and filled with fome of their natural food, as 
‘erains of the Cerealia when gallinaceous fowls 
are the fubjeéts of our experiments. Should 
_ thefe grains, after they have remained a cer- 
tain time in the ftomach, be broken down — 
and decompofed, we muft aflume a diffolving 
_liquor.as the caufe of this phenomenon, fince 
~ the fides of the metallic tubes mutt have been 
an infuperable obftacle to the exertions of the 
; y . gaftric 
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gaftric mufcles upon the contents; but if 
they fhould be retrieved in a found and entire 
{tate, it muft be acknowledged, that in thefe 
animals digeftion does not ‘depend on a fol- 
vent, but on the action of mufcles.” And 
fuch was the plan adopted by this fagacious 
philofopher. He enclofed fome barley in 
metallic tubes open at each end and forced 
them down the throats of common fowls, 
turkeys and ducks. Upon killing the ani- 
mals fome hours afterwards and. taking the 
tubes out of the ftomach, the grains were 


found quite entire; whence he inferred, that — 


in birds of the gallinaceous clafs the food is 
not broken down by a folvent, but by BS 
“oon iON. 
. This experiment feems indeed highly 
Se esti to the doctrine of trituration; yet 
I think it would have been much more con- 
clufive, if the fame refult had been obtained 
from other individuals of this clafs, and if be- 
fides barley, other grains upon which they na- 
turally feed, {uch as wheat, maize, rye, chick- 
peafe, &c. had been employed. I therefore 
refolved to put each of thefe feeds to the teft 
of experiment in the following manner.. J 
procured fome tin tubes eight lines in length 
and four in diameter, and inclofed in each a 
quantity of feeds greater or lefs according as 
B 3 they 
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they were themfelves fmaller or larger, The 
ends of the tube were left open, but iron wires 
were made to pafs before them, fo as to crofs 
each other, and form a kind of lattice-work, 
Common fowls were the firft fubjects of my 
experiments: I forced fome of the tubes into 
the ftomach, conducting them with my fore- 
finger and thumb through the cefophagus, 
till I was certain they were in the cavity of 
that vifcus. When this operation is properly 
performed, neither fowls nor other animals 
fuftain any injury. In twenty-four hours the 
tubes were taken out, and the contents upon 
examination appeared to be unaltered: even 
the colour and tafte were unchanged, if we 
except a flight bitter flavour which they had 
acquired, They had imbibed fome moifture, 
and were a little {woln. The fame feeds in- 
clofed alfo in tubes, and left in the ftomach 
two and even three days, underwent no greater 
change. 

‘tv. Several times, immediately ii having 
ee a the tubes full of grains into the {to- 
mach, IJ introduced fome EF the fame grains 
loofe. The latter were broken down in a 
few holirs, but the former remained entire. 

-v. The food taken {pontancoufly by thefe 
birds does not pafs immediately into the {to- 
mach, but ftops for fome time in the crop, 

“where 


Briss FRAP 7. ° 
where it is macerated, and becomes fofter, 
Is fuch a previous maceration neceflary before 
it can be diffolved within the tubes? This 
- eircumftance feemed to defefve attention. I 
therefore repeated the foregoing experiments 
with feeds taken from the crop of a fowl, 
after they had undergone a complete macera- 
tion. Notwithftanding this preparation, they 
underwent no change within the tubes. 

vi. From thefe refults it was eafy to pre- 
. di&, that no new appearance would occur, if 
the fkin fhould be taken off, as it really hap- 
pened. It is proper to add, that other grains 
treated in the fame manner were no more dif- 
folved than thofe before-mentioned. 
vit. The mode which I had hitherto prac- 
tifed of ufing tubes open at both ends, at 
which the gaftric fluid was certainly at liberty 
to enter, was that of Reaumur. But this 
fluid having no other accefs, cannot exert its 
action on the inclofed grains fo powerfully as 
when they are loofe in the ftomach, as Reau- 
mur ingenuoutly confeffes. To obviate this 
inconvenience in fome meafure, I had the 
fides of the tubes perforated with a great num- 
ber of holes. I had moreover recourfe. to 
another expedient. I employed hollow glo- 
bules of brafs half an inch in diameter, and 


» pierced like a fieve, which I could open and 
Baw fhut 
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fhut at pleafure by means of a {crew worked 
upon the edge of the two hemifpheres, into 
which Sli globule was divifible. With 
thefe new tubes and {pherules I repeated 
the preceding experiments, not only upon 
common fowls, but upon ducks, turkeys, — 
geefe, doves, and pigeons: and as a larger 
quantity of liquor could now find its way to 
’ the inclofed {ubftances, they were more tho- 
roughly foaked, and had acquired a bitterer 
tafte (111); but I could never perceive the i 
flighteft token of folution, though hey con- 
tinued ; along time in the ftomach, : 

‘vill. Thefe fa@s afford an irrefragable 
proof, that the trituration of feeds in the {to- 
mach of granivorous birds, is folely owing to 
{trong preffure and repeated and violent per- 
cuffions: effects produced by the powerful 
muf{cles with which that organ is furnifhed. 

1x. The contents of the ftomach are fo 
violently agitated as to be driven in at the 
open ends and through the holes of the tubes 
and {pherules, which occafions fome confu- 
fion, Hence I have frequently found it of 
fervice to introduce thefe receivers when the 
{ftomach was empty, and to keep the animal 
fafting auring the whole time of the expe- 
riment, 


x. The 
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x. The violent action of the fides upon the 
contents of the ftomach renders another pre- 
caution highly neceflary. The thicknefs of 
the tubes and fpherules fhould be confider- 
able, otherwife the obferver, when he takes 
them out of the ftomach, will find them bro- 
ken, cruthed, or diftorted in a moft fingular 
manner, if they have been long retained. 
Reaumur mentions feveral accidents of this 
fort (2); and I ‘have feen inftances without 
number of fuch contufions, one of which I 
_ cannot forbear relating here.. Having found 
that the tin tubes which I ufed for common 
fowls were incapable of refifting the force of 
the ftomach of turkeys, and not happening 
at that time to be provided with any tin foil — 
of greater thicknefs, I tried to ftrengthen them 
by foldering to the ends two circular plates 
of the fame metal, perforated only with a few 
holes for the admiffion of the gaftric fluid. 
But this contrivance was ineffeCtual ; for after 
the tubes had been twenty hours in the fto-.- 
mach of a turkey, the circular plates were 
driven in, and fome of the tubes were broken, ° 
fome comprefled, and fome diftorted in the 
moft irregular manner. 


(2) In the Memoir quoted above. 
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oxr. IT then tried the following means of 
preventing this inconvenience. Having pers 
forated the circular lamine in the center, I 
paffed an iron wire through the holes, and 
bound it tight round the outfide of the tubes 
and twifted the two ends together. And now 
though the foldering fhould be deftroyed, yet 
this contrivance would prevent the circular 
laminz from receding from the ends of the 
tube, unlefs the wire which paffed through 
them fhould be broken. I prepared four 
tubes in this manner, and gave them to.a tur= 
key fix months old. After they had remained 
a whole day in the ftomach, I killed the ani- 
mal; and was exceedingly furprized to find 
that the tubes, in fpite of my expedient, were 
very much damaged. All the iron wires were 
broken, two where they were twifted, and the 
two others at their entrance into the tubes: 
the lamin, fo far from remaining foldered to 
the tubes, were found amongft the food; they 
were not flat as at firft, but fome were bent 
fo as to form an angle, fome curved, and in 
others, one part was preffed clofe to the other. 
‘The tubes had fuftained equal injury ; two 
of them were flattened as if they had been | 
ftruck by an hammer, the third was moulded 
into the fhape of a gutter, the foldering of the 
fourth was deftroyed, and it was made as flat 
asa wafer. xii. Thefe 
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x11. Thefe phenomena will not fo much 
furprize thofe who have learned from Redi (a) 
and Magalotti (4), how ducks, fowls, and 
pigeons reduce to powder hollow globules of 
glafs in a very fhort {pace of time, and even 
folid ones in a few weeks. I have already 
obferved, that I repeated thefe experiments 
with the greateft fuccefs (c). Some {pherules 
of glafs blown by the lamp, and fo thick that » 
they would feldom break when thrown upon 
_the ground, were commonly reduced to {mall 
fragments, after remaining three hours in the 
ftomach of a hen or a capon; the fragments — 
were not fharp as when they are broken by 
the efforts of the hand, but as obtufe as if 
_ their edges and points had been abraded by a 
grinding-ftone... The longer the f{pherules 
continued in’ the ftomach, the more minutely 
were they triturated; fo that.in a few hours 
_ they were reduced to a mafs of particles, not 
larger than grains of fand. Moreover the ra- 
pidity of this procefs appears in fome meafure 
proportional to the fize of the animal. A 
wood-pigeon generally breaks them lefs, 
fpeedily than a chicken, a chicken than a 


(2) Efperienze intorno a cofe naturali. 
(4) Saggio di naturali efperienze, 
{c) In the Introdugtion,. 
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capon, but a goofe the fooneft of all. The rea- 
fon is plain, fince the larger {pecies have 
thicker and more powerful ftomachs. 

x111, From thefe and other faéts which I 
thal] adduce’ hereafter, we may colleé&t how 
much the celebrated Pozzi, formerly Pro- 


 feffor at Bologna, was miftaken, when he con~ 


fidered the obfervations (a) of the Florentine 


- Academicians, and of Redi on the power of 


certain animals to reduce globules of glafs to » 
pieces as falfe, becaufe he failed in his at- 
tempts to. repeat their experiments on pigeons. 
Let me here be allowed to remark that it is 


the cuftom of certain dabblers in philofophy 


to deny facts, however particularly defcribed, 
and though related by perfons of the higheft 


authority,*merely becaufe their own endea- 


vours fail of fuccefs. But they do not refle@, 
that this is acting in direct oppofition to the 
principles of found logic, by which we are 
taught that a thoufand negative facts cannot 


deftroy a fingle pofitive fact, fince it is fo very 


' eafy to omit fome one or other of the many 
_ circumftances requifite to the fuccefs of an ex- 
periment. ‘The Bolognian Phyfician has fals 
Jen into this error; in{tead of fo rafhly infer- 
ing from his own obfervation the falfity of the 


(2) In his fhort anatomical sit printed at Bologna by 
Lehius a Vulpe. 
, contr ary 
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contrary event, he ought to have multiplied 
and varied his experiments; and if he had 
done this with proper precautions, he would 
have confirmed, inftead of contradicting the 
relation of the Florentine philofophers. .We 
muft fuppofe, that the ftomachs of his j pi- 
geons were too weak and flaccid to abrad 
and break fubftances of fuch hardnefs ag. ra : 
from their being either in an mae ftate, 
or too young; for in thefe cafes they are by 

~ no means capable of producing fuch effeéts, 
_ asl have found from actual experience. 
xiv. My celebrated countryman Vallifneri, 
in his judicious anatomy of the oftrich, fuppofes. 
at the hardeft fubftances, fuch as ftones, 
wood, glafs, and even iron itfelf, are reduced 
to pieces in the ftomach of this enormous 
- bird by a folvent; he alfo inclines to think, 
‘that glafs ‘is attacked and broken by fuch a 
liquor, which he imagines to exift in the fto- 
machs of fowls, without the concurrence of 
mufcular action. But the hypothefis of Val- 
lifneri is evidently groundlefs ; for ‘feeds, as’. 
we have feen above, remain unaltered when-~ 


ever they are defended by tubes. And when e 


pigeons, fowls, or turkeys, are forced to 
fwallow feveral balls of glafs at once, fome 
- inclofed in tubes, and others loofe, the lat- 
ter are reduced to {mall fragments as ufual, 
of while 


~ 
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while the former remain entire. That the 
gaftric mufcles are the fole caufe of this ef- 
fect, will appear {till more evidently from 
- facts to be related in the fequel (xv). 

xv. Before I proceed farther in the recital 
of experiments immediately relating to digef- 
tion, it may be proper to mention fome other 
phenomena analogous to thofe juft defcribed. 
They may help to convey more diftin& noti- 
ons concerning this function in animals fur- 
nifhed with gizzards; the {mooth and blunt 
fubftances hitherto employed, could not injure 
the ftomach. It was therefore an obje& of 
" curiofity to enquire what would happen when 
fharp bodies were introduced. It is well 
known how readily broken glafs will lacerate 
flefh. I therefore gave a cock feveral frag- 
ments of a broken pane, each about the fize 
of a pea; they were wrapped up in paper, to 
prevent the eefophagus from being torn as they 
pafied through it. I was well affured that 
this cover would be immediately deftroyed on 
its entrance into the ftomach, and leave the 
glafs at liberty to act with its points and 


- edges. The animal was killed in twenty- 


four hours, and the glafs was found in the | 
{ftomach; but on this, as well as former oc- ~ 
cafions, the angles were fo far obliterated, 
that upon Berens fome of the fragments on 

| the’ - 
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she palm of one hand, and rubbing them for~ 
cibly on the back of the other, I did not re- 
ceive the leaft hurt. Upon weighing the 
glafs, it appeared to have. loft, twenty-four 
grains; nor was it difficult to difcover what 
was become of the milling particles, forthe 
fides of the ftomach, when viewed attentively 
glittered with innumerable vitreous points. 
On the contrary, fome broken bits of glafs, 
that were inclofed in two tubes, of which. 
‘one was given toa hen, and the other to” 
turkey, and left twenty-four hours in the f{to- 
mach, were not at all abraded at their sage 
or edges. 

xv. Similar. pieces ‘6f ola, that eeiadied 
two days in the ftomach of a wood-pigeon, 
gave me an opportunity of obferving other re- 
markable fractures and abrafions. » The men- 
tion of this bird brings to my mind a fa& re~. 
| lating to the prefent fubje&. I gave a wood- 
pigeon an unpolifhed twelve-fided garnet, 
of the fize of a nut, with the intention of in- . 

{petting the {tomach a few hours afterwards ; 

- the bird was confined ina cage, but made its 
efcape by fome accident, and mixing: among 
a number of others kept in another place, I. 
was not able to diftinguith it; fo that it did 
not fall into my hands for a month. The 
garnet, which had remained all this time 4 

: ¢ 
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the ftomach, filled almoft its whole capacity ; 
a circumftance which a little furprized me, 
fince it had taken its food, and been nourithed 
very well. But I was ftill more furprized at 
finding the angles of this hard ftone blunted 
in fome places. 

xvii. But the reader willfurely be eager to 
learn what injury the ftomach received from 
the violent agitation thofe fharp bodies muft . 

~“have undergone during the abrafion of their 
moft pointed parts. To fatisfy my own cu~ 
riofity, as well as that of others, I opened the 
cock and the two wood-pigeons (xv, xvi), 
and examined the internal coat of the ftomach 
with the clofeft attention, after having wafhed 
away the contents. I-moreover diffected it 
away from the nervous coat; this was eafily 
effected: and I could now examine it to | 
greater advantage, but notwithftanding all 
my pains, found it perfectly entire. No la- 
ceration, no divifion, not the {malleft jagged 
appearance; it was in every refpect like fto- 
machs that had not afforded reception to any 
unufual fubftance. Only the coat of that 
~ ftomach which had retained the large garnet 
for a month, was about three times as thick 
as it commonly is. 


. xvill, Finding that thefe fowls fuftained — 


thefe experiments unhurt, I fubjeted them 
on to 
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to two others far more dangerous. Twelve 
ftrong’ needles were firmly fixed in a ball of 
_tead, in fuch a manner that the points pro- 
jected about a quarter of an inch from the 
furface.. ‘Thus armed, it was covered with 
+ cafe of paper, and forced down the throat 
of a turkey. The bird retained it for a day 
and half without fhewing the leaft fymptom 
of uneafinefs. Why the ftomach should 
have received no injury from fo horrid an in- 
-ftrument, I cannot explain: but the points 
of the twelve needles were broken off clofe 
to the furface of the ball, except two or three 
_ of which the ftumps projected a little higher. 
The ball had not loft its general fhape, but 
was marked with feveral indentations, that 
_ certainly were not upon it at firft. Two of 
the points of the needles were found among 
the food, the other ten I could not difcover 
_ either in the ftomach. or the long trac of the 
inteftines ; and therefore eontalidad that they 
~ had paffed out at the vent. 
xix. The fecond experiment, ftill more 
, eruel, confifted in fixing twelve fmall lan- 
cets, with very fharp points and edges, in a 
fimilar ball of lead. They were fuch as I 
_ufe for the diffeGtion of fmall animals. The 
ball was given to a turkey cock, and left 
eighteen hours in the ftomach; at the expi- 
pyios. I. j | ration 
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ration of which time it was opened, but ne 
thing appeared but the naked ball, the twelve 
lancets having been broken to pieces; I dif- 
covered three in the large inteftines, pointlefs 
and mixed with the excrements; the other 
nine were mifling, and had probably been 
voided at the vent: The ftomach was as 
found and entire as that which had received 
the needles. , 

xx. Of two eapons, one fuftained the exe 
periment with the needles, and the other that 
with the lancets, equally well: My next 
with was to know how much time had elap- 
fed before thofe fubftances begin to be acted 
upon. By repeated experiments on turkeys 
that were killed after intervals fucceffively 
fhorter, I found that thefe harp bodies begin 
to be broketi and lofe their fhape in about two 
hours. This at leaft happened in two indi- 
viduals of that fpecies: in ohe four of the 
lancets, and in the other, three of the needles 
were broken within that fpace; the reft were 
blunted, but continued firm in the balls. 

xxr1. Let it not however be fuppofed, that 
the ftomach in this clafs of birds is altogether 
invulnerable. In pullets it certainly is fome- 
times very much injured. I obliged two 
pullets to {wallow fone pins without heads, 
One was killed in eight, and the other in 

, thirty- 
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thirty-two hours. The former had not at all 
_ fuffered, but two pins were ftuck in the fto- 
mach of the latter: Thefe ftomachs, as well 
as thofe of many other animals, are full of fur- 
tows, in one of which the two pins were fixed 
almoft perpendicularly, one to the depth of a 
line, and the other to that of three lines: they 
were oppofite to the moft mufcular part of the 
organ. Some force was required to extract 
them; at the puncture appeared a little clotted 
bfsod, with an évident livid coléur around. 
XXII. But whatever concltfion we are to 
‘draw from this laft fact; itis certain, that the 
ftomach of fuch birds is in general not fubje@ 
to any injury from the introduction, refidence; 
and trituration of thefe and the like fubftances, 
as I have learned from a vaft variety of experi- 
ments: But how is it poflible, fome will en- 
quire, that the gaftric mufcles can contufe, 
triturate, and even fometimes reduce to imé 
palpable powder (as when glafs is employed, 
KIL, XIv, xv, xv1) thefe pointed bodies with- 
Sut injury to themfelves? If the mufcles act 
with fo much force; muft not the fubftances 
neceflarily re-act upon the mufcles ? And will 
not this reza@tion caufe the laceration of the 
internal coat of the ftomach, which, though 
it is indeed very firm and compact, cannot 
furely fuftain fuch violent fhocks with im- 
punity? C2 xxit1. This 
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xx111. This objection was immediately 
ftarted, upon the difcovery of the wonderful 
force with which digeftion in poultry is effec- 
ted, and an attempt was made to remove it in 
the following ingenious manner. It had been 
long known, that fowls, and other birds of 
_. the fame clafs, have always a fmaller or larger 
fupply of little pebbles in their ftomachs. It 
was therefore conceived, that thefe pebbles 
ferve as a fhield to the mufcles. Hence it’ 
follows, that the comminution of bodies 
forced into the ftomach is the immediate ef- _ 
feét of the pebbles, and only the mediate ef- — 
fect of mufcular action. Accordingly, the 
Academicians of Cimento have obferved, that 
thofe ducks and fowls that have moft ftones 
in their ftomachs, fooneft reduce f{pherules of 
glafs to powder. Redi thinks, that the {tones ° 
‘perform the office of teeth (2); and Reaumur 
fuippofes them neceflary to digeftion (4). 

xxiv. In the courfe of my numerous ob- _ 
fervations I can fafely affert, that I never 
‘opened the ftomach of a pigeon, turtle-dove, 
dove, “partridge, fowl, turkey, goofe, &c. 
‘without finding fome {mall ftones in it. I 
have alfo found what is remarked by Reau- 
mur, that the fize of the {tones is apparently 
proportional to the fize of the bird... They 
‘are generally of a roundifh fhape, whether 


a) dae (4) Mem. cit. 
they 


DESSERTATION = to: an 


they acquire it from friction. within the 
cavity of the f{tomach, or have it before. they 
are fwallowed.. They are commonly bits of 
quartz, fometimes mixed with fragments of 
calcareous {tones. In the ftomach ag a turkey 
hen I havecounted above 209, and above 1000 
in that of a goofe. Their exiftence is there- 
fore indubitable. But is it equally certain, 
that they are the immediate inftruments of tri- 
turation? He who is unprejudiced in favour 
of any theory muft immediately perceive, that 
this. is a mere hypothefis, convenient indeed 
and plaufible, but requiring to .be confirmed 
by experiment. 

xxv. To this teft I have endeavoured to 
bring it, and would willingly hope that I have 
decided the queftion. According to the ob- 
fervation of the Academicians, thofe birds 
that have moft ftones in the ftomach,, fooneft 
triturate hard fubftances. Nothing was more 
eafy than to repeat the experiment. This I did 
‘upon ducks and fowls, the two {pecies men- 
tioned by thofe learned writers, fometimes 
obliging them to {wallow globules of glafs, 
fometimes thin tubes of tin, and at others 
feeds defended by a ftronger cover,..fuch as 
nuts of a moderate fize. It was neceffary that 
all circumftances fhould be alike,,. that the 
birds fhould be of the fame {pecies and age, 

C Bo ‘and 
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and of equal yigour, &¢. Not to weary the 
reader with too minute a detail, I fhall only | 
mention the refults. Ina henand two ducks, 
not abundantly fupplied with pebbles, the in- 
jury fuftained by the fubftances was not fo 
great as in three other like fowls more amply 
provided with them. But in four hens the 
effect produced was exactly the fame, as far ag 
I could judge, though the ftomachs of three 
were lefs copioufly furnifhed than that of the 
fourth. 
_ -xxvi. Haying collected a large quantity of 
- ftones from the diffeGtion of many gizzards, 
I thought they might be ufeful in the prefent 
inquiry; I therefore gave a certain number 
to fome fowls and ducks, while others were 
left with thofe which they had f{wallowed 
{pontaneoufly, The former, according to the 
obfervation of the Florentine Academicians, 
ought to have broken down hard fubftances 
fooner than the latter. And fo indeed it fome- 
times happened, but at others the event was 
different. Wherefore not being able to afcer- _ 
tain the obje&t of my enquiry by thefe expe- 
riments, I had recourfe to other means of 
folying the problem. — ees 
-xxvil, The moft decifive mode of deter- 
mining the ufe of ftones in digeftion, evi- 
dently was to take them away altogether, — 
te | either 


DISSERTATION I, 23 


either by expelling thofe already fwallowed, 
or by preventing the admiffion of any at all. 
To. evacuate thofe already accumulated, it 
was neceflary to confine the birds in cages 
where they could not find frefh ones, and it 
might be hoped,. that the old ones would be 
gradually yoided with the excrements. Ac- 
cordingly, feveral fowls, turkeys, pigeons, 
and ducks were confined feparately, and that 
all fufpicion of their picking up pebbles might. 
he remoyed, the cages were raifed to fuch an 
height that they could not reach the floor 
with their beaks.- The bottoms were made 
of ofiers placed at a diftance from each other, 
in order that if the ftones fhould pafs out with 
the excrement they might not remain in the 
cage, and be {wallowed again, but fall to the 
ground, I fed them myfelf the whole time, 
taking care that the food, confifting of corn, 
vetches, and maize, fhould be free from all 
foreign matter, fo that I was certain not a 
fingle grain of fand or the {malleft ftone was 
fwallowed by them. 

xxviii. In the courfe of a few days I per- 
ceived fome ftones among the excrement, 
‘ and they continued to be yoided during the 
whole time of confinement. Two days be- 
fore the end of thé month, when they were 
to be killed, I forced fome to fwallow tubes 

. | C4 of 
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of tin, others glafs globules, others balls of 
lead, fome naked and fome armed with nee- 
dles and lancets (xviti, x1x, xx.) I like-~ 
wife gave them fome grains of wheat, but 
did not allow them to undergo the natural 
procefs of maceration in the crop. On the 
30th day every ftomach was carefully examin- 
ed, and though I did not.completely attain 
the end in view, yet I gained confiderable in- 
formation on the fabiedts Not.a fingle {to- 
mach indeed was free from ftones, but they 
were few in number, in fome inftances not 
amounting to above four or five, and thofe 
very {mall. The contufions, however, on 
the tin tubes, the indentations on the naked 
balls, the fracture of the needles and Jancets, 
the trituration of the grain had alike taken, 
place in every ftomach; nor did it appear, 
that the diminution of the quantity of {tones 
at all contributed to diminifh the alteration ~ 
of the feveral fubf{tances, or to occafion any 
injury to the organ that contained them. And 
left it fhould be objected, that thefe hard bo- 
dies themfelves performed the office of peb- 
bles by rubbing violently againft each other 
in confequence of the action of the gaftric 
mufcles (an objection manifeftly trivial) I had 
taken care that each bird fhould not have 
more than one tin tube, or one glafs globule, a“ 


&e. 
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&e. ‘Thefe -folitary fubftances were juft as 
much bruifed or broken as when many 
were put into one ftomach; and that vifcus 
remained as free from injury. 
xxix. Though thefe facts abundantly 
prove, that trituration does not depend on 
the ftones fwallowed by the birds in queftion, 
‘but upon the ftrength and action of the gaf- 
tric mufcles, I yet wifhed, by obferving what 
happens in ftomachs that have not received 
any {tones, for proofs {till more decifive. The 
judicious reader will perceive at once, that 
to accomplifh my purpofe, it was neceflary 
to procure young neftlings that had never 
been abroad in queft of food. Accordingly, 
I procured: fome wood-pigeons, yet unfledged, 
were brought me; but I was difappointed in 
my expectations, for even their tender fto- 
machs were not free from pebbles, which 
doubtlefs were mixed with the food carried 
to them by their parents. Three of thefe 
young birds were facrificed to my curiofity. 
The ftomach of the firft contained eight 
{tones, of the fecond eleven, of the third 
fifteen; together they weighed thirty-two 
grains, and confifted chiefly of quartz. 
_ xxx. As thefe experiments did not anfwer 
my purpofe, it was neceflary to take up the 
enquiry at an earlier period, and make ufe of 
| till 
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ftill younger neftlings; nay, for greater cers 
tainty fuch as were juft quitting the egg, and 
therefore could not, have received food from 
their parents, The ftomach, it is obvious, 
could not contain ftones of any kind. I was 
therefore at the pains of keeping feveral neft- 
lings in 2 warm place, while they remained 
unfledged, and feeding them till they were 
able to peck. They were then confined in a 
cage, and fupplied a¢ firft with vetches foaked 
in warm water, and afterwards in a dry and 
hard ftate. Ina month after they had begun 
to peck, hard bodies, fuch as tin tubes, glafs 
globules, and fragments of broken glafs were. 
introduced with the food; care was taken that 
each wood-pigeon fhould fwallqw only one 
of thefe fubftances. In two days afterwards 
they were killed, when not one of the fto- 
machs contained a fingle pebble, and yet the 
tubes were bruifed and flattened, and the 
fpherules and bits of glafs blunted and bro 
ken: this happened alike to each hody, nor - 
did the fmalleft laceration appear on the coats 
of the ftomach. 

xxx1. I did not confine my ohfervatiaie ta 
a fingle fpecies. With the fame yiew I fet 
under a turky-hen feveral eggs, fome her 
own, and fome from a common hen. When 
the chickens were hatched I took charge of 


them 
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them myfelf, and employed the fame precau- 
tions as with the wood-pigeons (xxx). They 
were confined for fifty-five days. in feparate 
cages, and their food confifted of various forts 
of grain. At laft I forced them to fwallow 
the hard indigeftible fub{ftances fo often men- 
tioned. Upon examination, the ftomachs 
appeared to be free from ftones, yet the frag-_ 
ments and fpherules of glafs, and the tin 
tubes, were not on this account either the 
lefs or the more bruifed or broken. Hence 
then we have at length a decifion of the fa-_ 
mous queftion concerning the ufe of thefe 
pebbles, fo long agitated by authors, It ap- 
pears, that they are not at all neceffary to the 
trituration of the firmeft food, or the hardeft 
foreign fubftance, which is contrary to the 
- opinion of fo many anatomifts and phyfiolo- 
gifts, as well ancient as modern; I will not, 
however, affert, that when put in motion by 
the gaftric mufcles, they are incapable of 
producing any effect on the contents of the , 
ftomach. 

‘XxXx11. But for what purpofe are they de- 
figned? If they are not neceflary to the tritu- 
_ tation of the food, are we to fuppofe that they 
contribute in any other way to digeftion ? Do 
they create a keener appetite, or maintain a 

better ftate of health, as fome conceive? Are 
a they 


t 
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they found in the ftomach becaufe they are 
cafually mixed with the food, and as it were 
concealed by it; or, becaufe they are fwallowed — 
by choice, and even foughtfter?* _ 
_ The firft queftions are already ankvared, 
or rather precluded, fince we have found, 
that birds unprovided with pebbles take their 
food, are nourifhed and grow juft as well, 
and are as brifk and lively as others abound- - 
ing with them; an obfervation I have made 
with fatisfaction upon young ‘pigeons, tur- 
kies, and chickens reared in the manner de- 
feribed above (xxx, xxx1). | 
xxx111. The laft-queftion will be seaesle 
folved, if grown up chickens take their food 
in the ae way as young ones; for thefe 
fwallow every thing that comes in their way. 
I have often fcattered amongft them various 
fubftances unfit for their nourifhment, fuch 
as pebbles, bits of brick, chalk, or other 
rubbifh, which they pecked with eagernefs, 
whether their ftomach was full or empty. 
One day I threw among fome chickens a large 
quantity of the little fifth, termed Lice. by 
Conchologiits, which they devoured till their 
crop was full, juft as if it had been the moft 
agreeable food. If they retain the fame dif- 
pofition when full grown, we may reafonably- 
conclude, that the collecting of pebbles is 
lefs 
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lefs the effect of choice than ftupidity; as the 
oftrich, according to Vallifneri and Buffon, 

devours without diftin@tion whatever. comes 
in its way, fticks, and. ftones, and cords, and 
glafs, and metals, &c. fuch is its dulnefs, 
and fo obtufe its organ of tafte (a). But 
when. fowls are grown to their full fize, and 
_when their natural inftin&, which lay dor- 
mant while they were: young, comes to be 
unfolded, change their manners’ in this as 
well as many other refpeéts. A capon con- 
fined in a. cage by Redi, died of hunger 
fooner than it would fwallow pebbles offered 
to it in place of food (4). With mealfo three 
hens anda turkey, kept confined, died in the 
courfe of a few days, when inftead of giving 
them food, I fcattered before them a quan- 
tity of {mall ftones. After their death,. I 
found that the number of the ftones was the 
fame, though they would appear to be of the 
moft proper kind, having been taken from the 
ftomachs of other individuals belonging to 
the fame fpecies: When pebbles are mixed 
with the food, I have obferved, that poultry 
efpecially when hungry, pick them up and 

fwallow them. I fhould then incline to be~ | 


mc) Buffon Hift. des Oifeaux. T. z. Ed. in 12. Vallifn. 
Op. in fol. T. 1. 
_ (4) Degh Anim, viventi negli Anim. viventi. 


lieve, 
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lieve, that the ftomachs of thefe birds gene- 
tally contain a quantity of {mall ftones; not 
becaufe they are fought for and felected by de- 
fign, as many fuppofe, but becaufe they fre~ 
quently happen to be mixed with their food. 

xxxiv. Having fliewn that the pebbles 
ate not the caufe of trituration of the food 
and other fubftances, we muft conclude, that 
it is the fole and immediate effect of the gaf= 
tric mufcles, which, as it is well known, are’ 
very ftrong, and compofed of firm and com- 
pact layers, and muft, therefore, when fet 
in motion, aét with great force: Tobe more 
fully fatisfied of this, let the ftomach of a 
dog, fheep, or a man be compared with the 
gizzard. of a duck, turkey, or goofe; we 
fhall then perceive the enormous differencé 
between the thick mufcular coat of the one, 
and the thin one of the other: 

xxxv: The internal coat, or that which 
immediately lines the cavity of the ftemach, 
deferves particular attention: , In many ani- 
mals, and in man himfelf, it is foft and 
villous; but in gallinaceous birds it is hard 
and cartilaginous. When feparated from 
the next, which anatomifts call the ner- 
vous coat, it foon Becomes dry and very 
hard. In turkies and geefe, in which it is 
thicker and ftronger than in commén fowls, 

I have 
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E have often diflected it away, and {preading | 
it upon a table; have drawn along it lancets, 
ticedles, bits of glafs, and fuch {harp fub- 
{tances a8 are triturated in the ftomach with- 
out any perceptible injury toit. If indeed I 
4 prefied with confiderable force, thofe parts, 
over which the keen bodies pafled, _ were 
difunited, whether it was feparated or ad- 
hered to the other coats. 

xxxvi. But thefe fubftances may act in a 
quite different manner when under the dia 
rection of the hand, than when {fet in mo- 
tion by the gaftrie mufcles, and when the 
internal coat is not extended but forms a ca« 
vity, as it does when the ftomach is entire. 
I therefore wifhed to know what happens to 
fubftances inclofed in the ftomach feparated 
from the animal, and preffed externally with 
the palms of -both hands, and agitated in va- 
rious directions. The ftomach of a turkey 
hen was firft cleared of its contents by forcing _ 
them out through the pylorus, and then a 
large quantity of fharp pieces of glafs were 
introduced, which were kept in motion for 
‘@ quarter of an hour by preflure and percui- 
fion on the outfide of the ftomach. I was 
in hopes, that I fhould thus, in fome mea- 
fure, imitate the natural motion. Nor was 
the expedient altogether ineffectual; for the 
| | internal 
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internal coat was only perforated with two 
little holes, fuch as the point of a needle 
would have made, and yet part of the glafs 
was reduced to powder, and part had loft its 
fharp edges. Different effects then are pro- 
duced, when this coat is fubmitted to ex- 
periment after it has been removed from its 
natural fituation, and when it adheres to the 
others. Neverthelefs I am willing to allow, 
_ that how it fhould be capable of blunting and 
breaking the keeneft bodies without fuftain- 
ing any injury itfelf, full continues a matter 
of great furprize. 

. xxxvi1. But if the infide of the gizzard be 
certainly agitated {fo violently during the tri- 
turation of the food, will not the motion be | 
perceptible on the outfide?, Reaumur, indu- 
ced. probably by this reflection, laid open the 
abdomen of fome of the fowls in ‘queftion, 
and watched the ftomach, but could not per- 
ceive what he perhaps imagined took place. 
They always feemed perfeétly at reft, except 
the gizzard ofa capon, which contracted and 
dilated alternately ; he moreover faw certain 
flethy cords moving in an undulating direc- 
tion, but very flowly and gradually (a). 


(2) Mem. cit. 


XxxvllI. I 
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xxxviit. I have perceived fimilar motions 
im two turkey cocks. Upon preffing the 
ftomach forcibly with my hand, I felt a flight 
pulfation that produced a fenfation of creep- 
ing, but was foon aware, that this was owing 


only to the beating of numerous little ar- 


teries, which run upon the furface of the 


vifcus. When a perforation is made in the 


heart of a living animal, and a finger intro- 
duced through it, it is well known that 
{trong prefiure is felt at the time of its con- 
traction. I made this experiment upon the 
gizzard of a duck, but was not fenfible of 
the flighteft compreftion. 

Conceiving that the ftomach muft exert 
its principal action when it is irritated by fub- 
ftances filling its cavity, I introduced fome 
nuts into the gizzard of a turkey hen, that 


had been kept fafiing fora day. During the 


whole time I watched it attentively, through 
an opening made in the abdomen; when it 
had received only a few nuts it fhewed no 
fign of motion, but when it was nearly full 


. it fwelled violently, and then collapfed again 
ofa fudden. Thefe alternations were fome- 


times general, and at others: confined to a 
narrow {pace; they did not continue ten 
minutes, probably becaufe the aperture of 
the abdomen was bringing on the death of 

mor. I. D the 
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the animal. The nuts were unbroken, but 
evident contufions appeared upon their fur- 
face. This diftin@ view of the motions of 
the ftomach I afcribe to unufual good for- 
‘tune, fince, with the exception of only one 
other turkey, the ftomachs of many birds of 
the fame clafs remained at perfect reft, after 
_ they had been filled in the- fame manner. If — 
however we confider the very morbid ftate 
of the animal when the abdomen is laid 
open, we fhall not be much furprized at this - 

phenomenon. 
xxxtx. The various facts related in the 
preceding paragraphs irrefragably prove, that 
the food of ducks, fowls, geefe, partridges, 
é&c. muft undergo the mechanical a@tion of 
the gaftric mufcles, before it can be broken 
down, and reduced to an impalpable pulp. 
But are we to fuppofe, that digeftion depends* 
on this action, and that fimple trituration 
converts the aliment into that pultaceous 
mafs denominated Chyme? Or rather, that © 
this mafs is generated by means of juices 
either prepared or collected in the ftomach; 
and that trituration is a co-operating, but 
not the immediate caufe of digeftion ? I ima- 
gined that the tubes and {pherules, which 
had already afforded me fo much information, 
would not now be without their ufe. If the 
cftric 
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waftric | Juices convert into oligo the food 
which trituration has prepared for digeftion, 
Jet fome food fo prepared’ be inclofed in the 
tubes and fpherules, and let us fee whether 
it will be diffolved according to this hypo- 
thefis; for then it muft be thoroughly foaked 
in thofe juices. I accordingly filled a tube 
and fpherule with crumb of wheaten bread 
mafticated, and introduced both into the 
gizzard ofahen. In three and twenty hours 
they were taken out, when the bread was 
much diminifhed in quantity, efpecially at 
the ends of the tube, where it was alfo fofter 
than at firft, and had acquired a bitter tafte,.’ 
The fame tube and {pherule were forced into 
the gizzard of another hen, where they re- 
mained fourteen hours; after. which there 
was no appearance of bread in either. 

xL. I repeated this experiment upon a 
third hen, with bread of maize inftead of. 
- wheat; the tube and {phere were emptied in 
a day and half. As there was here no tritu- 
ration nor any other power, except the action 
of the gaftric fluid, it feemed reafonable to 
conclude, that this fluid had diffolved and 
converted the bread into chyme, and fo 
enabled it to pafs through the holes in the. 
receivers. A doubt Hoh ave: fuggefted itfelf, 
and kept me in fufpenfe; w ithout fuppofing 
; D 2 7 the 
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the tranfmutation of the bread into chyme, 
the gaftric fluid by merely diluting it, like 
water, might render it capable of patting out 
of, the tnbes-and {pherules. . 

xLt1. A fubftance not foluble by fimple 
maceration, and at the fame time fofter than 
grain, upon which the gaftric juices have no 
action (III, IV, V, VI, VII.), was wanting 
to clear up the doubt. Flefh feemed to cor- 
refpond to this defcription. .Fleth is digefted 
by many birds with gizzards, which for the 
moft part are both frugivorous and grani- 
vorous; I therefore filled four tubes with 
veal (a) bruifed very fmall in order to fuipply 
the want of trituration, and forced them into 
the ftomach ofa hen. They were taken out 
in twenty-four hours, and the flefh was in the 
following ftate: In the tube that came firft 
to my hands it did not amount to above one- 
twentieth of its original bulk, in two others 
it had fuffered nearly the fame diminution; 
the only difference appeared in the fourth, 
which was not open at both extremities like 
the other three, but clofed at one end with a 
circular plate of iron. The flefh contiguous 
to the plate weasel its red colour said na- 


(2) Wherever I mention flefh without an epithet. I mean 
raw fleth. ie | 


tural 
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tural confiftence, and did not feem at all 
wafted; but at the open end it was reduced 
to two thirds of the length of the tube, of 
which it had at firft occupied the whole; the 
part that continued firm and red retained the 
true flavour of fleth; at the oppofite end it 
had entirely loft that favour, and the furface, 
to the depth of a full line, was befides re- 
duced toa pulp, and had acquired a cineri- 
tious colour. The inconfiderable refiduums 
in the other tubes were altered in the fame 
manner. 

‘The immediate confequences of thefe ex- 
periments are felf-evident. The remarkable 
diminution of the flefh arofe from its’ having 
been in great meafure diflolved and digefted ; 


for all phyfiologifts agree in confidering the 


change of colour and tafte, and the tranfmu- 
tation of the food toa pultaceous mafs in the 
{tomach, as the characteriftic marks of digef- 
tion. The three tubes, of which the fides 
were perforated and the ends open, admitted 
the gaftric liquor at every part. Hence a 
confiderable wafte of the flefhinthem. The 
cafe was different in the tube clofed at one 

extremity, and nothing can be more obvious 


_ than the reafon; for as the liquor could only 


enter at one ana it could only there diffolve _ 


‘the flefh, 


3 xiii. This 


~ 
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xii. This experiment decifively proves, 
that the gaftric liquor was the caufe of di- 


geftion in the prefent inftance; and it was 


eafy to forefee, that others upon the fame clafs - 
of birds would be attended with the fame re- 
fult. . Sarfie tubes filled with fleth were next 
introduced into the gizzard of a very large 
turkey cock, but the lattice work at the open 
ends, though it confifted of’ iron, could ill 
withftand the aétion of fuch powerful muf- 
cles. Upon examination feven hours after- 
wards, it was found feparated from the tubes, 
and coiled up in one mafs near the pylorus, 
in the midft of the pebbles and f{corie of the _ 
food, fome of which were jammed fo tight 

in the tubes, that there was difficulty 1 in for 


cing them out with the point of a penknife. 


I could not perceive the fmalleft fragment of 
flefh amongft them, and remained in doubt 
whether it had been digefted, or expelled by 
thefe extraneous bodies. I refolved to fub- 
mit this fpecies of bird to further experiments, 
but was obliged to abandon the tubes, and 
have recourfe to the hollow fpherules, of 
which I have fpoken above (vir). They . 
were made thick and ftrong, with many {mall 
pores over the whole furface, in order to ob- 
viate two inconveniencies, the one left the re- 
ceivers fhould be unable to refit the violent 

impulfes 
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impulfes of the ftomach, the other to prevent 
the matters comprefled and agitated by the 
action of the mufcles from entering {0 readily 
intothem, ‘Two of thefe {pheres were given 
toa turkey cock eleven months old, and in 

twenty-four hours were taken out of the giz- 
gard. ‘They contained at firft about twenty- 
eight grains each of beef and veal bruifed 
very fmall. Upon opening them after the 
fame interval as beforé, and weighing the 
flefh, the beef was found to have loft nine,- 
and the veal thirteen grains. I muft not how- 
ever omit to remark, that they were both 
fully impregnated with gaftric liquor, and 
- confequently would have weighed ftill lefs if 
they had been free from it. The beef and 
veal, when touched with the point of a knife, 
feemed tenderer than in their natural ftate, 
and refembled a foft pafte rather than flefh. 
- They had the bitter tafte of the gaftric juice 
with which they were impregnated, and the 
‘colour approached more to white than red. 
They were replaced in the {fphere, and kept 
twelve hours in the gizzard of another tur- 
key-cock. Upon a frefh examination, the 
beef weighed only eight, and the veal only 
five grains. ‘The gaftric fluid had therefore 
’ produced a new folution, and this procefs 


' . was entirely completed after the {pheres, into 
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which the fleth was put for the third time, 
had continued five hours in the {tomach of a 
third turkey cock. 

XLiit, Fleth is digefted by the gaftric li- 
quor of geefe as well as of turkies.. Eleven 
grains of beef, inclofed in a f{pherule, were 
entirely difiolved in two days in the gizzard 
of one of thefe large birds. 

“I will not defcribe three other refults ob- 
tained, one from an hen, and the two others 
from two capons; fince, with refpect to the 
digeftion of the flefth, they are exadétly like 
thofe juft mentioned. | 

All thefe experiments were made with 
flefh bruifed very fmall; this condition is not 
indeed indifpenfably requifite, but it very ~ 
much promotes digeftion. The bruifed fleth 
was always diffolved? in two days, but when | 
entire,that procefs was not completed in four, 
and fometimes not even in five days. ‘The 
reafon of this difference is obvious. The 
more fleth is bruifed, the larger furface does 
it acquire; and in proportion to the increafe 
of furface, more points are expofed to the 
action of the gaftrie liquor, which will con-— 
fequently fooner complete the folution. 

xLiv. Before I proceed further and con- 
clude the prefent differtation, I muft notice 
an experiment of Reaumur, which does not 


perfectly 


\ 
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perfectly agree with thofe jut related, The 
greateft part of his memoir is employed 1 in 


: Gustine the great force of the gizzard of oal- 


igbeca’s fowls in triturating the ood in 
the remainder he endeavours to. prove, that 
this vifcus contains no menftruum of fuffi- 
cient efficacy to produce folution. In fup- 
port of this propofition, befides the argument 
derived from barley continuing unaltered 
within the tubes, he adduces the following 
faé&, which requires to be particularly re- 
lated. It is well known, how greedily ducks 
devour, and how foon they digeft, flefh. In 
order therefore to obtain the information he 
wanted, Reaumur had recourfe to this bird. 
Having provided fix tubes, four of lead, and 
two of tin, he inclofed in the former bits of : 
veal of the fize of a grain of barley, and in the 
latter fome confiderably larger. Thefe fix 
tubes he gave to a duck at different times ; 


‘viz. a leaden one at ten o’clock in the morn- 
ing, and another at eight in the evening; 


next day a third was given at fix.in the morn- 
ing, together with the two tin tubes; laftly, 
at nine the fame morning the animal was 
made to fwallow the latt leaden tube, and at. 
ten was killed. Of the four leaden tubes, 
one was voided the preceding day at nine in 
the evening ; it was that which had been 

taken 


42 DISC OR COA RY ONG, 


taken at ten in the morning; the other five 
remained in the gizzard, and the flefh was 
not only entire, but as firm as at firft. Some 
of the pieces retained their red colour, three 
of them however had loft it, Of fome of the 
tubes the whole capacity was no longer filled 
by the flefh; not that it had fuffered any di- 
minution, but becaufe it was comprefled by — 
the ftones and food, which had been admit- 
ted at the open ends of the tubes.’ From this: 
experiment Reaumur infers, that no men- 
{truum had acted on the flefh, fince it was not 
either comminuted or diffolved. And though 
he does not-:affrm, that in the gallinaceous 
clafs digeftion is the effe¢t of trituration alone, 
he yet concludes, that the gizzard contains 
no folvent capable of decompofing and di- 
gefting the aliment. 

’ x~tv. What has been above related, fhews 
how far Reaumur’s conclufion ought to be 
extended; when we fpeak of aliment of a 
hard and. compact texture, fuch as feeds, it 
-muft be allowed, that the gaftric liquor has 
no action upon them (iI, III, Iv, v, VI, 
vit.); but when we are confidering food na- 
turally tender, as flefh, or fuch as is made fo 
by art, as grain in the form. of mafticated 
bread, it muft then be allowed, that a perfect 
folution is effected by the gaftric juices alone 

—(XXxIx, 
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(XXXIX, XL, XLI, XLII, xLi1I,). In Reau- 
murs experiment the flefh remained fo fhort 
a time in the gizzard, that we cannot be fur- 
» prized if it was not fenfibly diflolved. If we 
attend to the times at which he gave his | 
tubes to the duck, and at which he killed it, 
we fhall immediately perceive, that the tube 
which continued longeft in the gizzard, re- 
mained in it only twenty-four heurs; a {pace 
infufficient, according to my experiments on 
fowls, turkies, and geefe (xL1, XLII, XLIII.), 
for the gaftric liquor of thefe birds to diflolve 
-any fenfible portion of flefh inclofed in tubes, 
I fhould however have condemned myfelf 
foracrime of omiffion, if, to the proof dedu- 
cible from analogy, I had neglected to add 
direct experiments on ducks. Upon two. 
ducks therefote I repeated the experiment of 
the French: Naturalift, with the following 
variation ; four tubes, each containing a bit 
of veal equal in fize toa barley-corn, were 
given toa duck; in two of the tubes the flefh 
was whole, but in the two others it had been 
previoufly cut into {mall bits: in fourteen 
hours the gizzard was examined; the four 
_tubes were found in it; the two entire pieces 
of flefh were of their original fize, but in- 
clining to a white colour; the fmall bits 
were alfo about the fame fize as at firft, but 

were 
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were converted into a gelatinous pafte. The 
experiment was repeated upon another duck, 
which was not killed till the end of the fe- 
cond day; and now the tubes that had con- 
tained the minute bits of flefh were entirely 
‘empty; and in the others, only fome flight 
traces of a gelatinous concoéted matter re- 
mained. If we- combine thefe facts with 
others before related, it will appear, that in 
the gallinaceous clafs, trituration and the 
gaftric fluid mutually affift each other in per- 
forming the important function of digeftion ; 
the former by breaking down the aliment, acts 
as the pre-difpofing caufe; the latter, when 
it is thus prepared, penetrates into it, de- 
{troys the texture, diffolves the particles, and 
difpofes them to change their nature, and to 

- become animalized. 
xtvi. But what is the origin of this gaf- 
tric fluid, fo ufeful in digeftion? How is it 
mixed with the food? And what. fucceffive 
changes does the latter undergo from the'ac- 
tion of trituration, joined to that of the gaftric 
liquor? Thefe important queftions required 
a {trict examination of the cefophagus and 
gizzard, as alfo of the food during its paflage 
through thefe parts, and continuance in them. | 
As experiments are ‘more conclufive, | the 
greater the {cale is, on which they are con- 
oo a ed, 
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ducted, I conceived that the larger fpecies, 
as geele, turkies, ducks, and fowls, would 
be the beft fubjects for theie enquiries. Tio 
begin then with the e@fophagus of a goofe, 
this canal at the end towards the mouth, has 
the appearance of an inflated inteftine; it is 
above a foot long, and at its origin about an 
inch in diamiathc,, but widens as it defcends, 
for the {pace of fix inches and more, ‘when 
it contracts like a funnel, then enlarges again, 
and this enlargement continues to the giz- 
gard. ‘The cefophagus is membranous, its 
fides are {trong and thick; they are thickeft 
at three inches diftance from the {ftomach, on 
account of a flefhy fafcia, of which I fhall 
fpeak below. If we look very attentively, 
We can perceive the whole cefophagus covered 
with points or elongated fpots, which are 
moft numerous juft above the funnel. The 
fafcia appears to confift of a multitude of cy; 
lindrical bodies, fomewhat larger than hufked 
millet-feed. Thefe bodies are feen through 
a fine membrane, which furrounds the fa- 
{cia externally. 

xLvil.e If the cefopha ous be inverted, and 
the {pots examined by the hel p of a glafs, we 
plainly perceive that they are follicular glands. 
This likewife is confirmed by the appearance 
of moifture on the cefophagus, when they are 


prefied. 
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_ prefled. But the follicular glands that appear 
through the flefhy fafcia lilee cylindrical bo 
dies, Biedes than millet, as we before ob- 
ferved (xLvt), are far more eafily diftinguifh- 
able, becaufe far larger. This fafcia, which 
encircles the cefophagus like a ring, 1s above © 
an inch in breadth, and about a line in thick- 
nefs. Great part of it is invefted by a cover 
ing of a deep yellow colour, very thin and 
confequently very liable to be torn. When 
_ this is removed, the fafcia externally appears 
' white and rough, on account of the number- 
lefs prominent papille, each of which has a 
palpable pore in the center. When the fafcia 
is ftretched, and {till more when it is preffed 
between the fingers, a drop of whitith turbid 
liquor gufhes out at each pore into the cefo- 
phagus; and it may be increafed, by. con- 
tinuing the dilatation ‘or. preffure. The li- 
quor is denfe, fomewhat vifcid, of a fweetith, 
_ and at the fame time faltith tafte. 'To com- 
prehend immediately that the pores are the 
excretory ducts of the follicular glands lying 
below, requires very flight anatomical know- 
_ ledge: the glands appear very diftin@ly, when 
the membrane in which the pores are in- 
ferted, is removed. ‘The follicles are of a 
Pale. red ea and full of a turbid liquor, 

which > 
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which oozes out from the excretory duéts, 
when thé cefophagus is kept under water. 

xiviit. Below the flefhy fafcia, the cefo- 
phagus becomes membranous again for nearly 
the breadth of three quarters of an inch, 
when it is inferted into the gizzard. . This 
organ is of the fize of the fift, remarkably 
hard, and of an irregular elliptical figure; 
when opened lengthwife at the thinneft part, 
it is divided into two large mufcles, each 
above an inch in thicknefs, and compofed of 
very compact fibres. It appears plainly, that 
the whole action of thefe great mufcles con- 
fifts in approximating with violence, and like 
the fides of a vice, crufhing and breaking to — 
pieces all interpofed fubftances. As the ner- 
vous coat adheres to thefe ftrong mutcles, 
andas, however robuft, it might be injured 
by fuch impetuous fhocks, nature has faga- 
cioufly invefted it with a cartilaginous coat, . 
of a ftructure more capable of refiftance, | 
which internally lines the cavity of giz~ 
zard. 

xLIx. In turkeys the cefophagus and {fto- 
mach very nearly refemble the fame parts in 
geefe. The former, however, is more mem- 
-branous, and abounds more in follicular 
glands of a larger fize, and confequently more 
confpicuous. The excretory ducts may a 
eality 
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eafily. feen, and the liquor of the follicles may 
be readily forced out by preflure. ‘This li+ 
quor is tranf{parent, and fomewhat vifcid; ‘its 
tafte is rather fweet. But the cefophagus of 
the turkey has one peculiarity not found in the 
goofe; it is provided witha burfa or bladder, 
well known under the name. of the crop or 
craw. In this fpecies it is very large. The 
crop at the fides at leaft, if not at every part, 
is furnifhed with follicular glands, exaétly like 
the others. At the lower part of the cefo- 
phagus we alfo find the flefhy fafcia, an inch 
in breadth, and provided with follicles much 
jarger than thofe of the crop or cefophagus, 
and in great abundance. The liquor feems 
to have the fame properties as in the goofe. 
It is vifcid, has a fweetifh and {faltith tafte, - 
a turbid white colour, and confiderable 
denfity. 
’ The gizzard, whether its form or the na~ 
ture of its coats be confidered, is exactly hke 
that of the goofe, only weaker and fmaller 
in proportion to the inferior fize of the bird. 
L. I have obferved all that has been re- 
lated with refpe& to the gizzard and folli¥ 
cular glands of the goofe and turkey in due 
proportion in the duck, common fowl, ‘and 
even in {maller birds of the fame clafs, as the 
pigeon, partridge, wood-pigeon, turtle-dove, 
| . and 
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and quail; with this peculiarity only, that in 
the duck the cefophagus, inftead of forming 
acrop, has the fame ftru€ture as in the goofe 
(xtvr1). I fhall therefore omit a defcription 
of thefe parts, ‘and proceed to confider the 
ftomach in a phyfiological light. 

ti. In {peaking of this organ, I have never 
mentioned either follicles or glands; for in 
the fowls hitherto mentioned, I could never 
difcover any. The internal coat, from its 
cartilaginous nature, appears to be unfit for 
the infertion of glandular bodies; at leaft I 
was not able to find the fmalleft veltige of 
them; nor did I fucceed any better in the 
nervous or mufcular coats, notwithitanding 
I examined them very narrowly. -Reaumur 
having obferved a vaft number of fhort white 
filaments between the cartilaginous and ner-~ 
vous coats, entertained fome fufpicion of 
their being tubes or veffels, placed there in 
order to difcharge their contents into the fto- 
mach (a). I have found thefe filaments in 
all the gallinaceous fowls I have examined ; 
but cannot agree with him that they remain 
attached to the nervous, when the cartilagi- 
nous coat is feparated from it: for after fuch 
feparation, I have ever feen them adhere to 


‘ | (a) Mem. cit. 
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the cartilaginous, never: to the nervous coat; 
but any perfon may readily make the trial, 
Thefe filaments are very numerous; they are 
pointed at the extremity, oppofite to that 
which is inferted tnto the cartilaginous coat, 
and refemble fhort white down, © diftinély 
vifible by the naked eye in the larger birds; 
fuch as the goofe and turkey, but requiring 
the aid of a glafs to be feen in the fmaller 
fpecies. I have divided many of various fizes 
with the points of very fine needles, in order 
to difcover whether they were hollow or glan- 
dular, but could never find any appearance of 
this kind: I have alfo fqueezed them in order 
to fee if any liquor would ooze out, but to no 
purpofe: and fo far from fufpeéting thefe 
filaments of Reaumur to be vafcular or glan- 
dular, I fhould rather fuppofe them to be 
merely for the purpofe of joining, or at leaft 
more clofely connecting the cartilaginous with 
the nervous coat. 
‘We fhall fee elfewhere, that ftomachs of 
the membranous kind, when they are taken © 
out of the animal and rubbed dry, foon be- 
~ come moiit again: this moifture comes from 
invifible veflels and glands, difcharging their 
liquor into the cavity i. the ftomach. Ihave 
made.the fame experiment on mufcular fto- 
machs; but they always continued dry; the 
fame 
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fame thing alfo took place, when I prefied 
them underneath, though this is a very ef- 
fectual means of accelerating and increafing 
the covering of moifture. Hensesk-have gond 
reafon' to fuppofe, that the juices foun d in 
mufcular ftomachs.do not properly belong to 
them, but come chiefly from the cefophagus, 
andiin: part from the duodenum, as we fhall 
fee below. 

Liz. Nature bs hictavied, has not’ failed to 
provide the quantity neceflary for digeftion. 
We have feen the vaft number of follicular 
glands with which the cefophagus is provided 
(XLVI, XLVII, XLVIII,.xXLIx.); they muft 
needs pour in their liquor in great abundance. 
And experience confirms what reafon fuggetts. 
I introduced a {mall piece of dry fpunge, 
previoufly cleanfed from every impurity, into 
the craw of a pigeon, in which it was left . 
twelve hours; at the expiration of which 
time I opened the craw, and took it out. 
The fpunge was full of liquor, and on being 
fqueezed into a glafs, afforded above an ounce. 
I employed larger pieces of fpunge in fowls 
and turkeys, and obtained more of this ¢efo- 
phageal liquor; the quantity in a turkey 
‘amounted to feven ounces in ten’hours. A 
fimilar liquor is procured in equal abundance, 
from fuch cefophagufes as are dilated into a 

i 2 darge 
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' large’ canal; inftead of acraw, as in dueks 
-and» geefe (xLvi, L.). This fluid is un- 
doubtedly defigned to foften the food which 
remains a certain time in the craw, or in the 
large canal; which not only difpofes it to be 
more readily broken down, but very probably 
' alfo communicates to it fome quality that 
renders it more eafily digeftible. But it is 
likewife certain, as I have found from expe- 
riment, that a confiderable part of this fluid 
defcends into the ftomach; not to mention 
that denfer and more vifcid liquor which dif- 
tils from the flefhy fafcia, lying at the bottom 
of the ceefophagus, (xLvI, xLvIt.). 

Lit. Thefe various cefophageal juices ac- 
quire in the ftomach a bitter flavour, refem- 
bling that of the food ‘in this vifcus: and as 
this tafte exactly refembles that of the bile, 
which in thefe animals is difcharged through 
the cyftic duét into the duodenum, I am tho- 
roughly perfuaded that it arifes from this 
fource, in confequence of the bile regurgi-_ 
tating into’ the’ cavity of the ftomach, and 
being mixed with the food and cefophageal | 
liquors collected there. -I am confirmed in 
‘this perfuafion by other facts, for the relation 
of which I fhall finda more convenient place ; 
not to mention the well known circumftance 
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of the bile being found in the ftomach of va- 
rious animals (a). | 

+ xiv. This collection of divers liquors in 
the gizzard of our fowls, ferves as a men- 
ftruum for the food, and difpofes it to be 
tranfmuted intochyle. But the firft ftep to- 
wards this event is taken in the craw. It is 
there. that the aliment is penetrated by the 
cefophageal liquor, and begins to change its 
{mell and tafte: that of the hardeft texture is 
prepared to be broken down when it difcends 
into the ftomach, which in thefe birds may 
be faid to fupply the place of teeth. 

But the way in which the food defcends 
from the mouth into the {ftomach, is deferv- 
ing of attention. When our fowls are abun- 
dantly fupplied with meat, they foon fill their 
craw: but it does not immediately pafs hence 
into the gizzard, nor does not arrive there till 
after it has been macerated in the craw: it 
always enters in very {mall quantity, in pro- 
portion to the progrefs of trituration in the | 
ftomach. Here then, what happens in a 
mill, may be obferved to take place. A re- 
ceiver is immoveably fixed above the two 
large {tones which ferve for grinding the corn ; 


(a) Haller Elem. Phyfiol. T. 6. Vallifn. Op. in Fol. 
ols 
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this receiver lets the corn which it contains, 
fall continually in {mall quantity into the cen- 
tral hole in the upper ftone, through which 
it pafies, and diffufes itfelf in the void fpace 
between the two ftones, where it is broken 
down, triturated, and. pulverized by means 
of the ftrong fri€tion of the upper ftone that 
moves round with great velocity upon. that 
below. | Meanwhile the flour paffes from be- 
tween the itones, as fubftances triturated by 
the gizzard, and diflolved by the gaftric juices,. 
are expelled through the pylorus into the 
{mal} inteftines. 
Lv. All this may be obferved, by infpect- 
ing the alimentary canal during the time of 
| dipeaion, If the bird has fed upen grains, 
they are found in the cavity of the gizzard, 
partly entire, but foftened by a fluid, That’ 
part of the cefophagus that lies between the’ 
end of the crop and the beginning of the fto-. 
-mach, either contains no grains at all, or 
only a few quite entire. Trituration takes 
place in the gizzard only, Thofe which have 
firft entered this cavity, are found to have 
loft the farinaceous fubftance, and are re- 
duced to mere bran; the fucceding ones are 
more or lefs broken, and the lat are entire. 
Arid this mixture of bran, and broken and 
entire grains, we always find a femi-fluid pul- 
taceous 
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‘ttaceous mafs of a whitith yellow colour, 
This is the farinaceous parts of the grains de- | 
-compofed by the gaftric liquar, and ete 
into chyme, Meanwhile frefh grains con- 
tinue to fall into the gizzard, in order to un- 
dergo'the fame tran{fmutation: this admirable | 

rocefs continues as long as any grains con- 
tinue to fall into the ftomach. 

Thefe appearances and changes take place 
alfo in animal fubftances, whenever birds with - 
mufcular ftomachs feed upon them. 

Lvi. At whatever time the ftomachs of 
thefe birds happen to be opened, they always 
contain a certain quantity of gaftric liquor. 
But it is lefs abundant when theyare full of 
food, (being in this cafe abforbed hy the food) 
than when they contain little or none, If 
~we with therefore to be provided with a large 
quantity of this liquar for experiments, it 
fhould be taken from the empty ftomach. 
Befides, in this cafe it is purer than when 
mixed with the food, When examined ina 
{tate of purity, its tran{parency,. if we except 
a flight yellow tinge, is little inferior to that 
of water, It has Jikewife the fluidity, but 
not the infipidity of water, being always a 
Jittle bitter, as well as falt, I have found 
that the gizzards of turkeys and geete abound 
Hon 3 in gattric | juices, probably on account of 
E 4 their 
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their fuperior fize. I was induced bythe 
quantity they afforded to attempt an experi- 
ment, which if it fucceeded, would ftill fur- 
ther prove that trituration is only an affifting 
or predifpofing, and not the efficient caufe of 
digeftion. It confifted in trying, whether 
thefe juices retain their folvent power out of 
the ftomach. For this purpofe, I took two 
tubes fealed hermetically at one end, and at 
the other with wax: into one I put feveral 
bits of mutton, and into the other feveral 
bruifed grains of wheat, and then filled them 
with the gaftric liquor. In order that they 
might have that condition which in thefe 
‘animals precedes digeftion, they had been 
macerated in the craw of a turkey cock. 
And as the warmth of the ftomach is proba- 
bly another condition neceflary to the folution 
of food, I contrived to fupply it by commu- 
nicating to the tubes a degree of heat nearly 
equal, by fixing them under my axille. In 
this fituation I kept them at different inter- 
vals for three days, at the expiration of which 
time I opened them. The tube with the 
grains of wheat was firft examined; moft of 
them now confifted of the bare hufk, the 
flour having been extracted, and forming a 
thick grey fediment at the bottom of the tube. 
The flefh in the other tube was in great mea- 

fure 
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fure diffolved, (it did not exhale. the leatt 
putrid fmell) and was incorporated with the 
gaftric juice, which had become more turbid 
a denfe. What little remained had loft its 
natural rednefs, and was now. exceedingly 
tender. Upon putting it into another tube, 
and adding freth gaftric liquor, and replacing 
it under the axilla, the remainder was diffolved 
in the courfe of a day. 

I repeated thefe experiments with other 
grains of wheat bruifed and macerated in the 
fame manner, and likewife upon fome flefh 
of the fame kind, but inftead of gaftric juice 
I employed common water. After the two 
tubes had remained. three days under my 
axilla, I found that the grains, where they ° 
were broken, were flightly excavated, which 
was occafioned by an incipient folution of 
the pulpy fubftance. ‘The flefh had alfo un- 
dergone a flight fuperficial folution, but in- 
ternally it appeared fibrous, red,. firm, and 
in fhort, had all the characters of flefh. It 
was alfo putrid; the wheat too had acquired 
fome acidity, two circumftances, neither of 
which took place in the grains and flefh im-— 
merfed in the gaftric liquor. 'Thefe facts are 
then irrefragable proofs that the gaftric juice, 
even out of its natural fituation, retains the 
| power 
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- power of diffolving animal and vegetable fub+ 
{tances in a degree far fuperior to water. 
Lvit. The gaftric juice which I employed 
was taken froma turkey. That of a goofe 
produced fimilar effects, I have further 
found, that in order to operate the folution of 
animal and vegetable fubftances, this juice 
fhould be frefh. It lofes its eficacy, when 
it has been kept fome time in veffels, efpeci- 
ally if they fhould happen to be open. It alfo 
becomes inefticacious after it, has been ufed 
for one experiment. Laftly, a confiderable 
egree of heat, equal to the temperature of - 
‘manor birds, muft be applied; otherwife, the 
gaftric juices are not more effectual in diflolv- 
ing fleth and vegetables than common water, 
This artificial mode of digeftion is well cal- 
culated to illuftrate the fubje&t I have under- 
taken to treat; but I thall have opportunities 
of {peaking of it at greater length in the fub- | 
fequent differtations. 
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COGNCERNING THE DIGESTION OF ANTI« 

_ MALS WITH AN INTERMEDIATE STO= 
MACH. CROWS. HERONS, 


LVIII. BY the term intermediate ftomach, 

I mean fuch a ftomach as, on 
the one hand, is not properly mufcular, that 
is, provided with thick and {trong fides, as 
in the gallinaceous family (1.); and on the 
other, is not merely membranous, that is, 
very thin, as in birds of preyand man, but 
has an intermediate degree of thicknefs and 
ftrength. The ftomachs of both the raven (a) 
and grey crow- (4) may be confidered in this 
light, though in reality they approach nearer 
to the mufcular than the membranous clafs. 


(a) Thefe two mere are called by Linnzus, Corvus : cine-~ 
ra{cens, capite, jugulo, alis caudaque nigris. 

Corvus ater, dorfo atro-ccerulefcente, cauda fubrotunda. 

{4) The hooded crow of Pennant. Corvus Cornix L. 


The 
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The intermediate power of thefe ftomachs 
contributes alfo to. characterize them; it is 
very far from being equal to the force of muf- 
cular, but greatly exceeds that of membran- 
ous ftomachs. Such tubes of tin, as doves . 
and pigeons would flatten and disfigure with. 
the greateft eafe, remain unaltered in the fto- 
mach of crows. Thus alfo grain is tritu- 
rated by the former, but continues whole in 
_ the latter. Their gaftric mufcles however are 
not inert. They exert a certain degree of 
action, but it is far inferior to that of the 
gizzard in the gallinaceous clafs. Thus, 
though they cannot comprefs tin tubes, they 
are iweble of producing this effect upon 
tubes of lead, provided they are very thin: 
and thofe that continue unaltered at firft, are. 
at length flightly incurvated or diftorted at 
the edges, and generally filled with frag- 
ments of the food, evident marks of confi- 
derable action in the gaftric mufcles; there 
are no effects which fhew fuch action in ani- 
mals with membranous ftomachs, as we fhal] © 
find in its proper place. I have often feen 
thefe phenomena, having kept a great num- 
ber of grey crows and ravens, which have 
been very ferviceable in the courfe of my en- 
quiries, as the reader will learn from a perufal 
of the Pprefent differtation, 

tix. Thefe 
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tix. Thefe birds may, as well as man, be 
denominated omnivorous. Herbs, grafs, feeds 
of leguminous plants, flefh of every kind, 
alive'or dead, ferve equally for their nourifh- 
ment. As the powers for the concoétion of 
various aliments, poffefled by thefe {pecies are 
either entirely the fame as, or ftrongly refem- 
ble thofe of man, it is obvious, that the 
knowledge obtained from them will greatly 
illuftrate the procefs of digeftion inus. They 
befides feem formed on purpofe to forward 
the views of the obferver. When we with 
to know what changes have been produced 
in fubftances inclofed in fpheres and tubes, 
and given to gallinaceous birds, it is neceflary 
to extract the tubes and f{pheres from their 
gizzards; that is, it is neceflary to kill them. 
Hence for every experiment we mutt facri- 
_ fice an individual, at no fmall expence to our 
philofophical curiofity. On, the contrary, 
‘We can perform fuch experiments upon crows 
as often as we pleafe, without deftrowing a 
fingle individual. With refpect to fubftances 
they are incapable of digefting, fuch as the 
above-mentioned metallic receivers I have 
difcovered, that they poffefs the privilege of 
returning them through the mouth, as birds 
of prey vomit the feathers and hair of the ani- 
mal they have devoured, a circumftance well 
: known 
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knéwn both to naturalifts, and thofe who 
‘train falcons for the field. But whereas this. 
vomiting generally takes place every twenty- 
four hours in birds of prey, in crows it hap- 
pens at leaft every nine, and commonly Nigel 
two or three hours. | 
tx. As I obtained the fame refults ibis 
both fpecies, I fhall employ in my narration 
the generic name only (2). My obfervations 
were begun in winter, the moft convenient 
feafon for procuring a large number, owing 
to the multitudes, efpecially of ravens, with 
which Auftrian Lombardy, and indeed almoft 
all Italy then abounds. All the crows which 
I could obtain, had when newly taken; a 
large collection of pebbles in the ftomach; the 
biggeft were of the fize of {mall peafe, the 
leaft of that of millet: they were of various 
forts; I even found rounded pieces of brick. 
But in lefs than ten days nota ftone remained 
in the body, a circumftance which I learned 
from the infpection of feveral ftomachs, when 
I had occafion to kill fome crows in order to 
obferve the anatomical ftruGture of the ali- 
mentary canal. ‘They were voided partly at 
the anus, as appeared from the excrements, 


(a) Corvus is the generic name in Latin, and Cornachcia 
in Italian, and Crow may very well ferve for it in Englifh. 


and 
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and partly by the mouth; in the latter Yn- 
ftances they were glued by the gaftric liquor 
té the outfide of the tubes which I had forced 
them to fwallow, and which they afterwards 
threw up. When unprovided with pebbles, 
they continued to eat and were nourifhed as 
well as before. Hence it is to be inferred, 
that they are not more neceffary to digeftion 
in birds with intermediate, than in thofe with 
mufcular ftomachs, as we have feen above 
-{xxx1). And as I inclined to believe, that 
the laft mentioried clafs do not pick up thefe 
ftones from choice, but by mere accident 
(xxxtir); fo I confider the matter likewife 
with refpect to crows, having obferved, that 
though unprovided, they never peck them 
ehbicbhy. even when hungry, but {wallow - 
them only when they happen to be mixed on 
purpofe or by chance with their food, and as 
if were concealed by it. 

Lx1. I began my experiments by putting 
whole beans or grains of wheat in the tubes (@). 
The reader will eafily perceive, that crows 
are not fo ftupid as to take the tubes fpon- 
taneoufly, but that it is neceffary to force 
them down the throat, and to pafs the finger : 


(2) Thefe tubes were the fame I ufed for gallinaceous fowls, 
and I continued to employ them in the fequel. 


j , along 
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alone with them till they are got into the 
ftomach. This I executed in the way I had 
before done in animals with mufcular fto- 
machs (111). The tubes were all thrown up 
in the {pace of three hours. The beans and 
wheat appeared as at firft, excepting that they 
were fomewhat foftened and {welled by the 
gaftric juice, which had penetrated a little 
way into them. I replaced the grains in 
the tubes, and introduced them again into 
the ftomach, where they remained two 
hours longer, without undergoing any further 
change. I repeated the fame experiment a 
great number of times, and upon computing 
the {pace during which the tubes had con- 
tinued in the ftomach, I found that it amount- 
ed to forty-eight hours; in this interval the 
feeds had fuffered no other alteration, except 
in being a little more moiftened. The gaf- 
tric fluid is therefore incapable of effecting 
the folution of thefe vegetable matters. | 
Lx11. But we have before faid, that they 
were entire; on which account, it could not — 
act upon the farinaceous fubftance of the 
grain till it had traverfed the hufk; and this 
le have diminifhed its efficacy. In order — 
to determine how far this fufpicion was well, — 
founded, it became neceflary to repeat the — 


experiment upon the fame feeds bruifed.~ 
Accord-= — 
fe 
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Accordingly four tubes full of the coarfe flour 


Were given to a crow: they remained eight 


hours in the ftomach, and proved the juftnefs 
of my fufpicion ; for upon examining the con- 
tents, I found above a fourth part wanting. 
This could arife from no other caufe but fo- 
lution in the gaftric ‘liquor, with which the 
remainder was fully impregnated. Another 
obfervation concurred to prove the fame pro- 
pofition: the largeft bits of wheat and beai 

were evidently much diminifhed; this mui 

have been owing to the gaftric liquor having 
corroded and diffolved good part of them, as 
the nitrous acid diluted with a large quantity» 
of water, gradually confumes calcareous fub- 
ftances. I replaced what remained of the 
feeds in the tubes, and introduced) them again 
into the ftomach, wherein they remained, at 
different intervals, twenty-one hours ; when 
they were entirely diffolved, nothing being - 
left but fome pieces of hufk and a few incon- 


fiderable fragments of the feed. 


Lxi11. Wheat and beans floating loofe in 
the cavity of the ftomach, undergo the fame 
alteration as in the tubes. When I fed my 
crows with thefe feeds, I obferved, that be- 
fore they fwallowed them they fet them un- 
der their feet, and reduced them to pieces by 
repeated ftrokes of their long and heavy beaks. 
meV OL, 1, | a | And 
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And now they digefted them very well; nay, 
this procefs was very rapid in cormpanaan of 
that which took place within the tubes. But 
when the birds either from exceflive hunger 
or violence fwallowed the feeds entire, the 
greateft part of them paffed out entire at the 
‘anus, or were returned by the mouth. We- 
cannot therefore be furprized, that the gaftric 
juice could not diflolve them within the tubes, 
fince it was incapable of effecting this pro- 
cefs within the cavity of the ftomach, where 
its folvent power is far fuperior. a 
Lxiv. To avoid prolixity, I fhall not fpeak 
of other feeds {ubmitted to the fame experi~ 
ments; fuch as chicken-peafe, French beans, 
peate, and nut-kernels. I will rather men- 
tion vegetable matters of a fofter and more 
yielding texture, which did not require to be 
- broken down in order to be diffolved; fuch 
as crumb of bread and apples. Thefe fub- 
{tances were not only diffolved’ within the 
tubes, but ioe Sow eda much fhorter time than 
beans and wheat. Several bits of a ripe ap- 
ple, weighing together eighty-two grains, 
and inclofed in tubes, were diffolved in the 
fpace of twenty-four hours in the ftomach of 
acrow. Four bits of another apple, weigh- . 
ing an hundred and three grains, were dif- 
folved in little more than fifteen hours. Of 
an 
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an hundred and feven grains of crumb of 
wheaten bread, there only remained eleven 
in the fpace of thirteen hours. - 


Lxv. From vegetable I proceeded to ani- . 


mal fubftances. The eagernefs which crows 
fhew for thefe afforded a certain prefage, that 
they would be diffolved within the tubes. I 
_. filled eight tubes with béef, and gave them 
- to four crows, two to each. The fleth was 
not bruifed fmall; as in the cafe of gallinaceous 
fowls (x1i1), but each tube contained a whole 
piece. An hour had {carce elapfed when one 
was thrown up. The flefh, upon examina- 
tion, did not appear to be fenfibly diminithed, 
but it was thoroughly foaked in the gaftric li- 
quor. The juice was a little bitter, and of a 
yellowifh green colour; the flefh had acquired 
the fame tafte and-colour in feveral places. 
In an hour and three quarters two other tubes 


were vomited up; and now the flefh began to ~ 


_ fhew marks of folution. ‘The red colour was 
changed to a dark cineritious hue, and the 
whole furface was become flabby, and the co- 
hefion of the parts was deftroyed. In ano- 
ther tube, difcharged in two hours and an 
half, the folution “had. made a ereater pro- 
 grefs. A ‘dark covering of jelly furrounded 
the flefh, which on ping touched, adhered 
to the fingers; and when applied. to the 
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tongue, hardly exhibited the flavour of. flefh. 
The folution had proceeded {till further in four 


hours, when two other tubes were hogy 


up; in. which the flefh did not amount to half | 


the original quantity. The remainder. was 
f{urrounded by the fame gelatinous’ .covering, 
under which it preferved its natural colour; 
fibrous ftructure and favour. There remained 
only two tubes, which were vomited up fe- 
ven hours after they had been taken. Both 
were empty, the. flefh therefore. had been 
completely diffolved, except a few bits, of 
jelly that adhered to the infide. I never could 
perceive the {malleft token of putrefaétion 
either during the progrefs, or at the comple- 
tion of the folution. And this obfervation, 
that I may not be under the neceflity of re- 
peating it continually, is to be extended to all 
the folutions performed not only by other 
crows, but by all the animals that I fhall have 
occafion to mention in this work; for I can 
affert with the utmoft confidence, that I have 
never been fenfible of the flighteft ftench 
either in fleth or any other fubftance which I 
introduced in tubes or any other way. 
Nothing could be more fatisfactory than 


the information obtained from this experi- 


ment. It not only rigoroufly demonftrates, - 


.that the gaftric liquor of crows is the folvent 


of 


Ce 
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of flefh inclofed in tubes without borrowing 
the leaft aid from trituration, but it throws 
ftill ftronger light upon the mode of operation 
of this menftruum in the gallinaceous clafs. 
It begins by foftening the texture and altering 
the colour; next fucceeds the de-compofition 
of the parts; this tranfmutes the flefh into a 
kind of jelly of a tafte different from that of 
flefh: the jelly is then more thoroughly pe- 
netrated by the juice and extracted out of the 
tubes, and in the ftomach it is changed into 
chyle. It appears alfo, that this fluid does 
not penetrate deeply into the flefh, but aés 
on the furface only, diffolving and removing 
one layer at a time, if we may fo fpeak, like 
other corroding mentftrua,. until it comes to 
the innermoft part, which it alfo foftens and 
melts. feo 
Lxv1. We have feen, that the fleth in the 
tubes fhewed no fign of folution till an hour 
and three quarters had elapfed, and. that this 
-procefs was completed at the end of feven 
hours (xv). But are we to conclude, that 
this is the meafure of the time required by 
the gaftric liquor for this operation? or that 
it would have been accomplifhed in a fhorter 
time, if the liquor had had free accefs to the 
fleth? for it is certain, that the tubes are no 
mall impediment to the gaftric juice. What 
Ep then 
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then would happen if the impediment was in 
part removed? and what when it is entirely 
taken away, by putting the fleth loofe into the - 
ftomach? In order to folve the firft of thefe 
interefting queftions, I enlarged the perfora- 
tions in the fides of the tubes. as much as 
poiible (viz), then filled them with beef, 
as before (Lxv), and introduced them into 
the ftomachs of feveral crows. I now had 
the pleafure to perceive the fuperior efficacy 
of the gaftric liquor. In an hour and an half 
three of the tubes were thrown up, and above 
a fourth of the flefh appeared to be wafted. 
Two other tubes were difcharged in lefs than 
two hours, and contained little more than 
half of their original quantity. And before 
the completion of the fourth hour, the re~ 
maining tubes were entirely empty. 

Lxvit, Before I proceeded to the other 
queftion, I thaught of inverting the fore- 
going experiment (Lxv1), and inftead of al- 
lowing freer accefs to the gaftric juice, of 
impeding it more and more, and at laft hin- 
dering it almoft entirely. J began with em- 
ploying the ufual tubes wrapped in cloth; 
this, although it was thin, was fufficient to 
prevent the folution of the flefh, which now 
did not begin to take place till three hours 
after the Pikes were introduced into the fto- 

mach, 
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mach, and was not completed till ten had 
elapted. 

The linen in which the tubes had. been 
wrapped was fingle: I now doubled it in or- 
der more effectually, to hinder the ingrefs of 

the liquor, and repeated the experiment in 
the famemanner. The flefh fhewed no token 
of folution for four hours, and was not en- 
tirely diffolved for a whole day. 

Upon wrapping round another fold the fo- 
lution did not begin for nine hours, .and in 

- the fpace of a day the flefh was {carce half 

confumed. In other refpects the gaftric juice : 

had acted upon the fleth juft as it does in open 

» tubes, excepting only the flownefs of its ope- 
ration.. It was become externally gelatinous, 
and incoherent in its parts. It was tinged 
yellow in feveral places; the tafte and fmell 
at the furface were not different from thofe 
of the gaftric liquor, 

I concluded thefe experiments, by trying 
what would be the effect of putting flefh into 
tubes with only three or four holes. After 
they had continued nine hours in the ftomach, 
the refult was as follows: fmall excavations 
of greater or lefs depth were made in the | 

“parts oppofite to the pores, and from thefe 
_ excavations {mall furrows wandered irregularly 
li the furface of the flefh, The fiethy 

F 4 fibres 
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fibres both in the cavities and furrows were 
become exceedingly tender, they had befides 
loft their red colour, and ‘were turned yellow. 
The reft of the flefh was unaltered. From 
what has been faid before, the origin of the 
cavities and furrows evidently appears to have 
been derived from the gaftric juice, which 
by infinuating itfelf through the little perfo- 
rations, had there diflolved and deftroyed the 
flefth; the reft remained entire, becaufe none 
of the juice could enter, if we except a very | 
flender ftream, which ris ite ae the fur- 
TOWS. 

Lxviii. Let us now proceed to the fecond 
queftion and examine how much more readily 
flefh lying loofe in the ftomach 1s digefted than 
when it is enclofed in tubes. Taking fome 
of the fame kind of flefh that had been ufed 
before, viz. beef, I parted it into two equal | 
portions, one of which was again divided into 
{maller bits before it was put into the tubes, 
while the other was left entire. Each por- 
tion weighed eleven pennyweights.. I next 
gave the tubes, which were eight in number, | 
to a crow, and to another bird of the fame 
{pecies, equally healthy and robuft, I gave at 
the fame time the whole portion of flefh, to 
which I had previoufly faftened a thread. 
‘This thread, hanging out of the bird’s mouth, 

and 
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and be eing wrapped round the neck, I could 


draw up and examine the flefh at pleafure. 
And that-every circumftance might be alike, 


I had taken care that the two crows {fhould 


have their ftomachs empty. In thirty-fix 
minutes one of the tubes was vomited, and 
at the fame inftant I drew up the flefh from 


the ftomach of the other crow. The latter 
‘was throughly imbibed with gaftric juice, ef- 


pecially the part that refted upon the bottom 
of the ftomach. It had loft its rednefs, and 


was now of a dirty colour; it weighed forty- 


two grains lefs than at firft; on the contrary, 
the flefh enclofed in the tube retained its ori- 


ginal weight. 


~ 


The tube and the flefh tied to the ftring, 


were replaced in. their re{pective fituations ; 


and in order that both might remain the fame 


length of time in the ftomach, I took’ care to 
return the tubes as they were thrown up. 
The fleth was entirely diffolved in three hours, 


when I immediately killed the crow that had 


the tubes. Upon collecting and weighing all 


the fleth that remained in them, I found it to 
amount toabout feven pennyweights. Hence 


in three hours and nine minutes it had loft 
four pennyweights. : 
On the other hand, the fleth tied to the ~ 


fing was reduced to half a pennyweight, 


Y ts which 
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which confifted of a packet of smembranous 
or cellular fibres, the flefhy part having been 
entirely diffolved. ‘This experiment clearly 
 fhews, that fleth left loofe in the ftomach is 
more {peedily digefted than when it is enclo- 
fedin tubes. And theory perfe@ly agrees with 
fact; for fince folution is the effet of the 
galel fluid, it is evident that the food, when 
loofe in the ftomach, is attacked by a larger 

quantity than when defended by the tubes. 
Lx1x. Young crows, as well as all other 
young birds, eat more than the adult; hence 
I fufpected their digeftion to be quicker, 
Having a nefi of the grey {pecies brought me 
in June, I made, among others, the experi- 
_ ment related in the laft paragraph. The re- 
fult was very fatisfactory. .A quarter of an 
ounce of beef, faftened as before, to a thread, 
had fcarce touched the ftomach, when the 
{olution began, and in forty-three minutes 
_ was completed; but an equal quantity diftri- 
buted in feveral tubes, required four hours 
and a half to be diffolved. Upon opening the 
{tomachs of the two young birds, I immedi- 
ately perceived the caufe of this rapid folu- 
tion; they contained half a {poonful of gaf- 
tric fluid; a quantity feldom met with in the 
ftomach of adult crows. . As the neftlings 
| kpauire more food, Nature has furnithed 
them 
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them with the means of an eafier and more 
Apecity digeftion. | | 

It is fearce neceflary to remark, that the 
experiments related in the tyth and follows. 
ing paragraphs, clearly evince this important 
truth, that the digeftion of food is propor- 
tional to the quantity of gaftric juice acting 
upon it, When this liquor comes in contac 
only with a few points, the decompofition is 
very flow and inconfiderable (txvi1); when 
freer accefs is allowed, the folution takes place 
more {peedily, and is more confiderable (Lxv, 
Lxv1); it is very rapid, wlien every obftacle 
is remoyed, and the food is on all fides ex- 
pofed to the action of the folvent liquor, 
{LXVIII, LXIx). 

Lxx. It is a queftion of ancient date, and 
ftiil agitated by modern phyfiologifts, whether 
cers in carnivorous animals are capable of di- 
getting bone. Among the various points, 
which I propofed to difcufs in the prefent 
work, I conceived that this well deferved the 
refleGtion and attention of the philofopher; I 
fhall therefore both here, and in another part 
of my work, relate what I have obferved on 
the fubje@t. If we obferve a crow and a bird 
of prey devouring an animal, we may be dif- 
pofed to think that the latter has the power 
: Of *diffolving bone, but not the former. 
When, 


j 
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When, for inftance, a hawk takes a pigeon, 


it firtt {trips the back, and devours the muf- _ 


cular part of the breaft; then proceeds to the 


entrails; and, laftly, fwallows the ribs, ver- 
tebre and head, not even {paring the feet and 


wings, if it fhould happen to be very hungry: 
When the fame bird is given to a crow, it 
‘fets about {tripping off the flefh; but when 
it has picked this clean, it leaves the fkele- 


ton. This rejection of the bones, is how- 


ever very far from being an indubitable proof, 


in the eftimation of the philofopher, that 
they are incapable of digefting them. At 
moft it inclines us to believe it probable; but 
fuch probability requires to be confirmed by 


facts: and being engaged in enquiries of this 
nature, I could conveniently bring the quef- 


tion to: the teft of experiment. .As I hap- 


pened to be provided with fome phalanges oft 


the human toes, I enclofed two in one of the 
ufual tubes, which remained thirteen hours 


in the ftomach. ‘They weighed fifteen pen- 


nyweights at firft; nor was this weight at all — 


diminifhed, or the bones in the leaft foftened. 
Being in doubt whether the two great thick- 


nefs of thefe bones might not have prevented. 
the gaftric juice from acting upon them, I 


had recourfe to {maller ones. Happening 


one sth to find one of my crows dead in the 


apa 


f 
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apartment Where I kept them, and the reft 
affembled round the carcafe in crouds, and 
devourin ng it eagerly, I took one of the tibia, 
broke it in two, and enclofed it in a tube. 
The tube continued a whole day in the fto- 
mach of another crow, but the bone was' 
neither foftened, nor diminifhed in weight: 
The fame thing was alfo obfervable, after; the 
bone had. been left loofe in the ftomach for 
fourteen hours longer. 

. xxi. The greedinefs with which, the 
crows devoured their companion, induces me 
to digrefs, for the fake of noticing a miftake 
of the celebrated Dr. Cheyne. He pretends, 
that crows cannot digeft the fleth of their 
own fpecies; and that when they happen to 
{wallow it, they vomit it up again. <‘* Ipfa 
Cornix (fays Haller, on the authority of 
Cheyne) cornicis canem ingeftam non. poteft 
coquere & deglutitam vomitu rejicit (@).” 
But the truth is, that the fleth which my 
crows devoured agreed very well with them, » 
nor did they throw any of it upagain. Fur- 
ther, in order to determine certainly whether 
the above-mentioned writer had fallen into a 
miftake or not, I killed and plucked another 
crow, and threw it into the chamber where 


(2) Phifiol. 'T. 6. mit 
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its companions were kept, when they imme~ 
diately leaped upon it, and devoured it with 
the fame avidity as they had done the other, — 
without afterwards vomiting the leaft parti- 
cle of it.. Upon killing and opening, three 
hours afterwards, one which appeared to have 

loaded its fttomach more than any of the reft, 
I found the fleth partly diffolved, and in the 
form of a femifluid pulp, and partly in the 

procefs of folution, the very ftate in which I 
had {een other fleth. | ey 
Lxxii. But let us return to bones. It ap- 
pears’ that, whether large or-fmall, they are 
alike infoluble in the gaftric juices of crows — 
(txx). Butis this true likewife with refpe 
to thofe of a foft ftructure, and which bear 
fome refemblance to cartilage? In order to 
afcertain this point, I made ufe of another 
tibia, taken from an unfledged crow, and ~ 
which therefore had not acquired its natural 
rigidity, though it was fo hard as to break, 
when I tried to bend it: and now the gaftric 
liquor was not inactive. Of fifteen grains, 
which it weighed at firft, it had loft five, af- . 
ter continuing fix hours’ in the ftomach en- 
clofed in a tube. It was become fo foft, that 
it was capable of being bent into the fhape of © 
a bow. It continued to wafte and become — 
‘fofter; and when it had remained twenty-fe- — 
ven 


7 
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ven hours in the ftomach, it was fo much re- 
duced as to refemblea thin tube of paper. It 
was not at all gelatinous; and when it was 
prefied between the fore- finger and thumb, 
it fhewed fome elafticity, by recovering its 
former fhape when the preflure was removed. 
It was not fcabrous either internally or exter+ 
nally, but had rather acquired a greater de+ 
gree of {moothnefs during its folution. I~ 
five hours more it had loft the fhape ofa hin 
and was totally reduced to pieces. 

Lxxiir. I tried other tender bones belong- 
ing to larger animals ; and more or lefs of thd 
was diffolved, but with difficulty, and after 
a very long interval. The folution was more 
{peedy in young crows, probably on account 
of the greater abundance of their gaftric juices 
neadh . ? 

With refpett then to the queftion concern- 
ing bones, we muft conclude that. they are 
indigeftible by crows, except only fuch as, 
on account of their foftnefs, are rather to be 
confidered as cartilage than bone. 

Lxxiv. In the preceding, as well as the 
prefent differtation, I have always fpoken of 
the {tomach as the place deftined for the con- 
coction of the food. And in truth, whether 
we confult antient or modern phyfiologifts, or 
confider my experiments, it will appear fo 

clearly 


\ 
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clearly proved, that it would be abfurd to ens 
tertaina doubt of it. But it may be proper 
to enquire whether this operation belongs ex- 
clufively to the ftomach in the birds in quef- 
tion, or is par tly carried on in the cefophagus. 
‘This enquiry is fuggefted upon the manifeft 
decompofition, which has been obferved in 
part of the food that is found in the cefopha~ 
gus of fome animals, as among others in- the 
fea-crow and the pike (2). In order there- 
fore to afcertain this point, I-was led to make 
a-few experiments, which I {hall relate after 
I have given a fhort defcription of the cefo- 
phagus and ftomach in crows, and of the 
fources of the re{pective liquors in thefe two 
cavities. | | | 
Lxxv. The cefophagus is membranous, 
and has no craw. When dilated it is. cylin- 
drical, if we except a flight contraction in the - 
middle. To the naked eye it would feem de- 
ftitute of follicular glands, which however | 
become confpicuous when it is viewed with a _ 
glafs. ‘They are in fuch abundance, that 
there is not a fingle point of this canal with- 
out numbers of them. The excretory ducts 
are fearce difcernable, though they emit the 
liquor of the follicles in great plenty. To fee 


(2) Helvetius Mem. de Acad. 1719. Plot Nat. Hift. of 
Staffordi{hire, 
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this, it is fufficient to pafs the finger over 
them. The liquor is of a vifcid nature, of 
a cineritious white colour, and fcticwnat 
- fweetith to the tafte. 

_ The inferior part of the cefophagus has 
the fame kind of flefhy fafcia that has been 
hoticed in birds with mufcular {tomachs. 
This fafcia i in crews is fcarce an inch long; 
and in them too, as well as in the clafs of 
birds juft mentioned, is a tiffue of large folli- 
cular glands very evident to the naked eye, of 
a roundith figure, and full of a fweet fluid, 
lefs vifcid than that in the fmall follicles in 
the membranous part of the cefophagus, but 


_ more denfe, and of a lighter cineritious hue. 


txxvi. In the gallinaceous tribe we have 
{poken of three coats, the cartilaginous, ner- 
vous, and mufcular (xLvili, xL1x), which: 
principally compofe the ftomach. Thefe 
three coats are likewife found in birds with 
an intermediate ftomach. When the carti- 
_ laginous is feparated from the nervous coat, 
and the latter is viewed with the naked eye, 
it appears to contain a multitude of whitith 
little bodies inchafed in it, which have the 
appearance of points; but when examined by 
the microfcope, change their appearance to 
that of follicular-glands, much fmaller than 
thofe in the flethy fafcia (Lxxv); thefe fol- 
Vor. By G icles 
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licles are full of a vifcid liquor, which they 
difcharge at the extremity towards the fto- 
mach, when they are preffed by the finger, 
or any other body. The difcovery of thefe 
glands in the nervous coat having led me to 
imagine, that they might empty their contents 
into the ftomach, I examined the cartilagi- 
_ flous coat with great attention, in order to 
try if I could find any minute pores for the 
_trarifmiffion of the liquor into the cavity of 
that vifcus; but I acknowledge ingenuoutly, 
that I could not difcover any. ‘This how- 
“ever by no means proves their non-exiftence ; 
for they may be fo finall as ta elude the fight, 
even when aided by the microfcope. And I 
eannot but believe, that thefe follicles, of 
which the excretory ducts are turned towards 
the ftomach, are deftined by nature for pour- 
ing their contents into that organ. 

Lxxvil. I now proceed to enquire whe- 
ther, exclufively of the ftomach, digeftion is 
at all performed in the cefophagus of crows. 
In order to determine this, I firmly fixed to 
an iron wire two equal pieces of veal, one of 
them to the end of the wire, and the other 
two inches above. I then forced it down the 

throat of an hungry unfledged crow; the 
piece faftened to the end lay in the ftomach, 
while the other occupied the cefophagus. 

To 
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To prevent them being thrown up, a ftring 
was faftened to the upper end of the wire, 
brought out at the mouth, and tied round the 
beak. ‘Thus I was enabled to draw up the 
flefh at pleafure, and examine how much it 
was diflolved: In an hour the piece that lay 
in the ftomach was quite confumed, except 
a little cellular fubftance; but the other piece 
was entire. It was again introduced into the 
eefophagus, and re-examined an hour after- 
wards; but now the cefophageal liquor had 
begun to act upon the flefh: its weight at 
firft was fix pennyweights, but now only five 
and a half. It was kept upon the whole fix 
hours in the ceefophagus, and loft nearly two 
pennyweights. Thefe experiments will not 
permit me to refufe to the cefophagus all 
_ power of digeftion, an effect undoubtedly pro- 
duced by the fluid of the follicles (rxxv); 
but it is inconfiderable when compared with 
that of the ftomach, fince this vifcus diffol- 


- ved fix pennyweights of flefh in an hour, 


while the “i daahiat diffolved but two in fix 
hours. 

Lxxviit. The experiments I afterwards 
made on’ young crows were {till more deci- 
five. The fame wire was employed, and two 
bits of flefh were faftened to it juft in the fame. 
_ manner, the one lying in the ftomach, the. 
G2 other 
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other in the cefophagus.. The former piece 
was generally quite diffolved before the folu- 
tion of the other began, though in time this 
alfo was very fenfibly wafted. This diminu- 
tion upon one occafion amounted to five pen- 

nyweights in the {pace of thirteen hours. 
Lxxix. Laftly, in order to determine whe- 
ther it was part only of the cefophagus or the 
whole of that canal in crows which poffeffes 
the power of folution, I formed a cylinder of 
flefh half an inch thick, and of the length of 
the cefophagus and ftomach taken together. ~ 
I faftened this cylinder longitudinally to the 
wire employed before, and forced it down the 
throat of acrow, fo that one end touched the 
_ bottom of the ftomach, and the other reached 
almoft to the mouth.” In a quarter of an 
hour the whole circumference of the cylinder 
was imbibed with a fluid, but at the lower 
end only, which refted upon the bottom of 
the ftomach had the flefh begun to be dif- 
folved; here it was become whitifh. In about 
an hour for near an inch, i.e. for the whole 
length of the ftomach, fcarce any of the cy- 
linder was left; and what little remained was 
gelatinous and had _loft its cohefion, while 
the portion that lay in the cefophagus appeared 
to be unchanged: but. it did not continue {o; 
a fort of erofion began to take place along the — 
| cylinder, 
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cylinder, and continued but with extreme 
flownefs. And as this erofion extended along: 
the whole length of the cylinder, I had reafon 
to believe'the whole length of the canal ca- 
pable of concoéting the food in a fmall de~ 
gree, whenever it happened to be lodged there 
for feveral hours. But fuch an event never 
happens when crows take their food at plea- 
fure, fince the pieces never exceed the length 
of the ftomach. In this refpect they differ 
from fome other animals, in which the food, 
after they have fwallowed it, reaches into 
the cefophagus. 

~xxx. Upon confidering the great quan- 
tity of fluid continually dropping into the 
craw of gallinaceous fowls (111), it appeared 
highly probable, that the concoction of the 
food is not a little promoted by the ftay it 
makes there before it falls into the ftomach. 
But the fact is juft the reverfe. The aliment 
is indeed foftened and macerated (111), but 
IT could never perceive that it was at all dif- 
folved: at leaft, I could never fee any trace 
of folution on feveral vegetable matters, which 
had been long retained in the craw. In a 
{pace more or lefs fhort they become foft, and 
are imbibed with a fluid; but I have not been 
able to perceive, that they were in the leaft 
diffolved. We mutt therefore conclude, that 
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the efophagea] liquor in gallinaceous fowls 
1s different from that of crows. ) 

Lxxx1. But why 1 is the food fo on digef~ 
ted in the ftomach, and fo flowly in the cefo- 
phagus? Is it becaufe the gaftric fluid is more 
eficacious, or in greater quantity, than the 
cefophageal? What are the properties and 
characteriftic marks of thefe two liquors? 
May we hope that experiments out of the 
body will be as inftructive as. thofe made in ~ 
it? To enable myfelf to procure a large quan- 
tity of thefe fluids at pleafure, was the firft 
ftep towards the folution of thefe problems. 
And as fuch a quantity could not be eafily got 
by killing the birds, it became neeeffary to 
invent a contrivance for obtaining it from 
them alive. To put bits of dry fpunge into 
the tubes, and leave them fome time in the 
cefophagus and ftomach, appeared to be the 
beft means of attaining this end; for they 
“muit neceflarily be faturated with the liquor 
of thefe cavities, and when vomited or drawn 
up, will fupply the experimenter with a con- 
fiderable quantity, provided he ufes a number. 
Three tubes were introduced into the fto-. 
mach of a crow, and four hours afterwards 
vomited up; the three little fpunges, when 
_ they were taken out and-prefled between the 

| fingers, afforded thirty-feven grains of gaftric 


liquor, 
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liquor, which was frothy, of a turbid yellow .. 
colour, had an intermediate tafte between 
‘bitter and falt, and being fet to ftand in a 
watch+ glafs, depofited in a few hours a co- 
pious fediment, As the fediment appeared te 
arife from the food that was diflolved by the 
gaftric juice (for the bird had taken food a 
little before it fwallowed the tubes) I re- 
peated the experiment upon another crow, of 
which the fromach was empty, and continued 
fo till the tubes were thrown up. . This pre- 
caution I ever afterwards obferved, at the fame 
time taking care, that the faft did not laft too 
Jong, left it fhould induce a morbid ftate in the 
animal, J was likewife careful to cleanfe the 
{punges from every impurity, by repeated . 
| wafhings and dryings, before I made ufe of 
them again, Upon repeating, with thefe pre~ 
cautions, the foregoing experiment with the 
three tubes, I obtained thirty-three grains of. 
gaftric juice in a ftate of purity, It differed 
from the former in being of a tranfparent yel- 
low colour, and in depofiting very little fedi- 
ment; it had the fame bitter and falt tafte. 
It appeared to have yery little volatility, as it 
was kept feveral days in a watch glafs with- 
out fuffering almoft any diminution. When 
- thrown upon burning coals, it extinguifhed 
them inftead of taking fire; and when brought 

G 4. - near 
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near a candle, it did not rife in fame. Fur- 
ther, paper foaked in it and thrown upon the 
fire, did not. burn till the gaftric fluid was 
evaporated. Nor had it more volatility or in-_ 
flammability when juft taken from the fto- 
mach and ftill warm. 

Lxxxi1. The quantity, which was not in- 
confiderable, obtained from three fpunges, 
gave me hopes of collecting enough for che- 
mical experiments at large, and for attempt- 


ing artificial digeftion. Every crow was ca~ | 


pable, as I found upon trial, of taking eight 
inftead of three tubes; and as they would be 
. thrown up in a few hours, I could repeat the 
experiment feveral timesaday. Therefore to 
five crows, of which I then happened to be | 
in poffeffion, I gave forty tubes furnifhed with | 
little fpungesy i. e. eight to each. In three 
hours and a half all the tubes were returned 
by the mouth, and the quantity of gaftric 
fluid expreffed from them amounted to four 
hundred and eighty-one grains. In a few 
days before I had collected thirteen ounces of 
liquor. I employed it for the purpofes for 
which I had defigned it, and which fhall be 
mentioned in their proper place. 

Lxxxiit. While I was engaged in thefe 
experiments, I obferyed feveral remarkable 
facts, The firft was, that the gaftric juice 

flowed 
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- flowed in great abundance into the cavity of 

- the- ftomach; it fometimes happened, that 
one of the fpunges was brought up in a quar- 
ter of an hour after it had been fwallowed, and 
in this fhort {pace it was confiderably loaded, 
and in an hour as much as it could-be. Se- 
condly, when aconfiderable quantity of fluid 
has been obtained, another, and even a third 
may be got immediately. Sometimes when 
a crow has vomited up the eight tubes, I put 

an {punges into them and returned them 
without delay; and this I repeated a third 
time and found, that the quantity procured 
the laft time was as great as the fecond, and 
even the firft, Thirdly, the fluid had always 
the qualities above-mentioned (isan ye af 
we except a difference of colour. Itiscom- - 
monly of a pale orange, but fometimes of a 
cineritious yellow. 

Lxxxiv. I took the fame method to pro- 
cure the cefophageal liquor, with the varia- 
tion only of a fingle circumftance, The tubes 
were now faftened to threads, which were 
brought out at the mouth, and tied round 
the beak to prevent its being opened. 

Thus the tubes were fixed in the cefopha- 
gus, without the leaft danger of their getting . 
into the {tomach, or being thrown up. Be- 
fides, I could draw them up at pleafure. 1 

; intro- 
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introduced four tubes at once into the efo~ 


phagus of a crow, and extracted them again 
in three hours. I learned from this farft trial, 
the {cantinefs of the cefophageal compared 
with the gaftric fluid, The four fpunges fup- 
plied me with eleven grains only, Doubting 
whether this might not be accidental; I re- 


peated the experiment feveral times, and al- 
P E 


lowed the tubes to remain longer in the cefo- 
phagus, but the fpunges were very far from 
being fo thoroughly faturated with fluid as in 
the fLlomach: fo that direct experiment proves 
the great abundance of the gaftric, in com- 
parifon with the cefephagea] liquor. If the 
ftomach and cefophagus of a crow be laid 
open longitudinally, the latter will be found 


to be moiftened with its proper fluid only, 


while the former generally affords reception 
to part of it likewife. Theory too, in the 


prefent cafe, agrees with fa@. The natural” 


pofture of crows, and indeed of moft other 
birds, is fuch, that the liquor which oozes 
out from the internal furface of the cefopha- 


gus, muft defcend to the lower parts from the — 


law of gravity, and thence into the ftomach. 
This organ muft therefore be the receptacle 
of the cefophageal fluid; but it is mere than 
probable, that it has a peculiar fluid alfo 
(Lxxv1):  befides, we are certain, that the 


bile 


— 
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bile is mixed in confiderable quantity with the 
gaftric jpices. I have very frequently found 
the bottom of the ftomach in crows full of 
jt, and this is the reafon why this juice is al- 
ways bitter and yellow. Further, upon open- 
ing the duodenum longitudinally, I have per- 
ceived the yellowith green vettiges of the bile, 
which is difcharged into that inteftine at the 
diftance of at leaft three inches from the py- 
lorus through the cyftic duct, which evidently 
arifes fram. the gall-bladder, The conjunc- 
tion of all thefe liquors, muft produce a 
quantity of fluid far larger than that which 
derives its fource from the cefophagus alone. 
And I doubt not but this is the reafon, why 
the food is digefted more fpeedily and per- 
fectly in the ftomach than the cefophagus 
(LXXVII, LXXVIII). Though I fhould alfo 
fuppofe, that this is in part owing to the 
greater energy of the gaftric liquor from the 
admixture of the bile, which never rifes into 
the efophagus, as appears from the juice of 
that canal never being at all yellow or bitter, 

‘but nearly infipid and colourlefs.. 
 xuxxxv. It remains now for me to relate 
fome attempts to produce artificial digeftion 
with the gaftric juices, referving for another 
_ Opportunity the recital of the chemical expe- 
riments made upon that fluid, obtained both 
from 
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from crows and other animals, with the view 
of acquiring as complete a knowledge as pof- 
fible of its nature and properties. The great 
abundance I was able to procure from crows, 
by means of vomiting, gave me the advan- 
tage of inftituting a greater number of trials, 
than with that of gallinaceous fowls (ivi, 
Lvit), from which the gaftric liquor could 
not eafily be procured without killing them. 
I firft wifhed to examine the eftect of the gaf- 
tric juices of crows upon flefh, in the open’ 


-air. It was January, and Reaumur’s ther-- 


mometer placed near the veffel ufed for the 
experiment, ftood at the fourth and fifth de- 
gree (a). For greater certainty in thefe ex- 
periments, I eftablifhed a term of comparifon, 


iy by employing fimilar veffels containing the 


fame flefh infufed in water. I alfo took care 
upon the prefent as well as other occafions, 
that the flefh fhould be completely immerfed 
in the refpective liquors, and that the phials 
fhould be clofed with ftopples. For feven 
days the flefh kept in the gaftric juice, and in 
Water continued the fame. On the eighth 1 

(a) Wherever the thermometer is mentioned’ in this work, 


the fame, viz. Reaumur’s is to be underftood. 
N. B. The fourth and fifth degrees of Reaumur’s thermomer 


y 
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ter anfwer to about forty-two and forty-three and one-fourth of 
Fahrenheit’s. 
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perceived a flight folution, for upon agitating 
both liquors, feveral particles feparated from 
the larger mafs, and fell down to the bottom 
of the phials. No further progrefs was af- 
terwards made, and the gaftric fluid did not 
feem at all more efficacious than common wa- 
ter; only the flefh immerfed in the former 
‘was preferved from putrefaction, but not in 
the latter. Je. | 

Lxxxvi. In this experiment I had ufed 
beef; I verified the fame obfervation upon 
the more tender flefh of calves, chickens, 
and pigeons, notwith{tanding the heat of the 
atmofphere had now raifed the thermometer 
to feven degrees (a). While I was making 
thefe experiments in the natural temperature 
of the air, I was employed about others of 
a like nature in a warmer medium, viz. in 
a ftove; in which the heat varied between 
22°(6) andtemperate. And now the effects 
produced by the gaftric fluid, differed from 
thofe produced by water. In the latter the 
flefh began to be a little diffolved in two days ; 
this was the effect of incipient putrefaction, 
as appeared plainly from the feetid {mell which 
began to be exhaled. The {mell continued 


(a) Forty-eight and three fourths of Fahrenheit’s. 
(4) ‘Seventy-nine and a half of Fahrenheit’s. 
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to increafe during the following days, and in 
a week became intolerable, when the flefh, 
was reduced to a naufeous pulp: In the 
gaftric juice the folution was more rapid, and 
exhibited very different phenomena; twenty- 
five hours were fufficient to decompofe the 
flefh contained in it, and in a little more than 
two days there remained only a very {mall 
morfel entire. Thefe folutions never emitted 
any bad fmell; whence it is evident, that they 
did not arife from incipient putrefaction, like» 
thofe in water, but from a more efficacious 
and a different menftruum, viz. the gaftric 
liquor. 

Lxxxvil. Being now engaged by different 
occupations, I was obliged to interrupt thefe 
experiments, and could not refume them till 
the June following; and then taking advan- 
tage of the feafon, I expofed to the fun two 
phials filled to a certain height with gaftrie 
juice from crows, in gne of which were im-— 
-merfed feveral pieces of beef, and in the other 

crumb of wheaten bread. Nine hours of fun- 
{hine much forwarded the artificial digefton; 
which was the object of enquiry. A good 
‘part of the flefh was reduced toa'‘kind of atte! | 
that when it was handled adhered to the fin- 
gers ; nothing like flefh remained in any of 
the pieces, But the nucleus, which was {till — 

/ con- 
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éonfiftent and fibrous, which two qualities it 
loft the next day; after having been expofed 
fix hours to the fun the nuclei, like the out- 
fide, no longer retained a fibrous ftructure. 
In the fun, the heat as well on the firftas the 
fecond day, was between forty and forty~ 
five (2). The gaftric liquor produced upon 
the bread a change analogous to that which 

the flefh had undergone. It not only loft its 

white colour and turned grey, but had be- 

»come vifcous, and no longer prefented to the 
eye the appearance, though it retained fome-. 
what of the tafte of bread. Of bread as well 
as flefh immerfed in water and expofed to. the 
fun for the fame time, there was a percepti- 
ble diminution; but it was very fuperficial 
‘and inconfiderable when compared with that 
“produced by the gaftric fluid. The bread 
turned four, and the flefh became putrid, 
circumftances that did not take place in the 
leaft, in the other phials. 

* zxxxviil. Thusa tolerably complete con- 
coction was obtained in the heat of the fun; 
but it was reafonable to fuppofe, that it would 
be {till more perfect i in the temperature of the 
ftomach. In the preceding differtation I have 


(a) An hundred twenty-two, and an hundred thirty-three 
and one-fourth of Fahrenheit’s thermometer. 
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obferved, that by way of fubftitute for the 
natural heat of the animal that furnithed gaf- 
tric liquor for the experiment, I fixed the 
tubes under my axilla (LVI, Lvit); fuch an 
expedient was neceflary in that cafe, fince 
glafs is incapable of refifting the violent action 
of the gizzard. But there was now no, Jon- 
ger the fame danger, and the experiment 
might be made in the following manner. Se- 
veral glafs tubes fix lines long and three in 
diameter, were hermetically fealed at one 
end, and at the other bits of flefh were intro- 
duced, and then the tube was filled with gaf- 
tric fluid. It was. then very carefully ftop- 
ped with fealing-wax, and the tubes were 
forced into the ftomachs of feveral crows. 
Should digeftion now take place it might be — 
properly called artificial, fince it muft have. 
been effected in clofe tubes, to: which the 
juices of the ftomach could have no accefs. 
But I foon found that the wax became foft in 
the animal heat, and confequently did not 
keep the tubes clofely ftopt, as I withed. 
‘There was however no difficulty in fubftitu- 
ting a firmer cement, which would not be 
cithes melted or foftened; and with fuch a 
cement I repeated the experiment juft men- 
tioned, and others of a like nature, which I 
fhall defcribe hereafter. I prepared two 

_ tubes” 


DISSERTATION: mm - oy 


_. tubes in this manner; they were given to a 


crow, and returned by vomiting in an hour 
and an half. I will not conceal my amaze- 
ment at finding, that the pieces of fleth in- 


_clofed in the tubes were not in the leaft 


changed, unlefs it was in having acquired a 


blueifh red colour. My amazement was ftill 


more increafed upon obferving, that they had 
undergone no further alteration after remain- 


ing four hours longer in the ftomach of the 
fame crow, enclofed as before in two fealed 


tubes. Thefe bits of flefh weighed in all 
twenty-eight grains ; fo inconfiderable a quan- 
tity would have been diffolved in a few mi- 
nutes, if it had been loofe in the ftomach, 
and in a very few hours, if it had been en- 
clofed in tubes open at the ends. 

txxxix. Did this unexpected failure arife 
from the communication between the ex- 
ternal air and that within the tubes being cut 
off, or from a deficiency of eattri ic fluid, or 
elfe for want of the action of the ftomach 
upon the flefh? I confidered maturely thefe 
conjectural explanations, but they appeared 
altogether infufiicient. With refpect to the 
laft, it is repugnant to all thofe facts which 
prove the folution of aliment within tubes, 


~ open indeed at the ends, and perforated along 


the fides, but which effectually prevent the 
VoL. I, H | me- 
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mechanical action of the ftomach upon their 
contents. That the gaftric ‘fluid was in too 
fmall quantity for the folution of the fleth, is 
a. fufpicion unworthy of attention; for the 
pieces were always covered by it, fo that the 
‘quantity of fluid muft have been greater than 
that of folid. Laftly, the communication 
between the external air and that within the. 
tubes being intercepted, cannot in all like- 
lihood be the reafon why folution did not 
take place. In order to determine this cer- 
tainly, I made the following curious experi- 
ment. Having prepared feveral glafs tubes 
of the length of fix inches, I fealed them 
hermetically at one end, by means of a re- 
verberated flame, and the oppofite extremi- 
ties were drawn out fo as to form elongated 
cones. ‘Through the open end of thefe cones 
I poured a quantity of gaftric fluid, together 
with a few fmall pieces of flefh, which filled 
two thirds of the wider part of the cone. 
I then introduced the cones by their bafis 
into the ftomachs of fome crows, allotting 
one to each bird; and when they refted upon ~ 
the bottom of the ftomach, their apexes came | 
out at the mouth. To prevent their being 
thrown up, I ufed the precautions mentioned 
in another place (txxvi). ‘Thefe conical. 
tubes muft no doubt have been very incom- 

ae modious 
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modious to the animals, but they were exs — 
ceedingly well adapted to the end,I had in 
view, fince a free paflage was allowed for the 
external air into them. However, notwith- 
{tanding this, the flefh remained feveral hours 
~ immerfed in the gaftric fluid, without thew= 
ing any fign of decompotition. 

xc. It is proper to apprize the reader, that 
when the fealed tubes, or the cones, were 
kept long in the ftomach, as, for inftance, 
ten or twelve hours, the fleth was generally 
reduced to a dark-coloured gelatinous pulp. 
But this did not remove my furprize at fee» 
ing fo flow a {olution in thofe clofe receivers, 
in comparifon with the rapidity of the pro- 
cefs in the ftomach. The gaftric juice was 
quite frefh, it was in fufficient plenty, and 
the flefh put in the tubes and cones was ex- 
pofed to the fame degree of heat when it is 
in immediate contact with the fides of the 

ftomach. 
If crows are killed during the procefs of 
‘digeftion, the bottom of the ftomach gene- 
rally abounds in gaftric juice, which when 
compared with that expreffed from the fpun- 
ges, appears to differ a little, being more denfe 
_ and bitter, and of a yellow inclining to azure. 
The} juice which is mixed with the food, and 
eccupies the upper parts of the f{tomach, ap- 
Be proaches 
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proaches more to the nature of that with 
which the fpunges are imbibed. Having 


learned from experiment, that digeftion pro- 
ceeds moft rapidly at the bottom of the ftc- 


mach, on account probably of the gaftric 
juice being more active and efficacious there 
from its immediate mixture with the bile, 


which gives it the yellowith azure hue and a 
-bitterer tafte, I preferred this juice to that 
from the f{punges, and repeated with it the 
_ experiments with the fealed and conical tubes 


mentioned in the txxxvitith and Lxxxixth 
paragraphs. But the event did not anfwer 
my expeétation, no folution of the fleth ta- 
king place till feveral hours had elapfed. 
xci. Upon comparing the laboratory def- 
tined by nature for the procefs of digeftion, 
and thefe receivers prepared by art to accom- 
plith the fame end, I could difcover but two. 
circumftances in which they differed; the 
fleth in the veflels undergoes the adtion of a 
fluid which is never renewed; while, on the 
contrary, in, the natural laboratory it 1s con- | 
tinually fubjected to the action of frefh juices, 
inceflantly fupplied by an innumerable mul- 
titude of follicular glands. Befides, the gaftric 
juices being confined within the cavity of the 
ftomach, there is little or no evaporation ; 
whereas, when expofed to the air, and con- 


fequently 
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fequently cooled, they cannot but late fome of 
their more volatile and active particles by eva- 
poration. Does then the flow folution of 


flefh in clofe tubes and in cones, depend upon. 


the gaftric juice being deprived by thefe two 
caufes of part of that energy, on which di- 
geftion depends? I found from experiment, 
that the former caufe, at leaft, the want of 
renovation had. great influence in retarding 
the folution. If, inftead of perfectly clofing 
the tubes, I left a {mall perforation capable 
of allowing ingrefs and egrefs to the gaftric 
juice, the EaGen of the flefh took place 


much fooner. The fame thing happened, — 


when, inftead of leaving the fame juice in 
‘the cones all the while, I was at the pains 
of changing it feveral times. But warmth 
is another condition abfolutely indifpenfable 
for rendering the gaftric fluid of thefe ani- 
mals fit for digeftion. When this liquor is 
kept in a temperature not more than four or 
five degrees above the freezing point, its fol- 
_vent power is fo much impaired, that it does 
not feem more efficacious than common wa- 
ter (Lxxxv). This is alfo obfervable. at 
feven degrees (a) (Lxxxvi). In order to ren- 


der the effects of the gaftric juice perfectly 


(az) Forty-feven three-fourths of Fahrenheit’s thermometer, 


i We fenfible, 
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fenfible, a {tronger heat is requifite, as from 


ten to twenty-two degrees (Lxxxvi). Still 


folution proceeds very flowly; to remedy this 
the animal heat is neceflary, viz. about thirty 
degrees (2) (xc), And fo remarkable is the ~ 
effect of heat in this particular, that the very 
liquor, which, for want of being renewed, 
diffolves flefh flowly at thirty degrees (xc), 
effects. this very fpeedily at forty and forty- 
five degrees (4) (LxxxviI), : 
-xci1, Every time I exprefled the juice 
from the fponges, I wafhed them in pure 


. water, which was tinged yellow by the re- © 


~ 
4 


oo 
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mains. After having made fo many: experi- 
ments on the gaftric fluidin a ftate of purity, 
I conceived it might not be altogether with- 
out its ufe, to make one with the water in 


which the fpunges had been wafhed; with 


this water I therefore filled a {mall glafs 
_ phial, which was left expofed to the fun, 
"with a piece of flefh in it, for three days in 


July. The flefh (which was mutton) fhew- : 
ed fome figns of folution. On the third day, 
there appeared upon the bottom of the phial 
a quantity of impalpable matter of a cineri- 
(a) Ninety-five one-half of the fame, | 


(4) One hundred and twenty-two, and one hundred and 
thirty-three one-fourth of Fahrenhcit’s thermometer. 
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tious colour, confifting of particles feparated 
from the fleth immerfed in the liquor. Not- 
withftanding the feafon, as it ufually is in 
July, was very hot, it had acquired little or 
no fetid fmell; whilft a fimilar piece of 
fleth, expofed to the fun in the fame manner, 
but immerfed in water, became intolerably 
putrid on the fecond day. 

xci1I. But it is time to quit the fabjea 
of digeftion in crows, and to proceed to that 
of herons, the other fpecies of birds which 
I propofed to examine in this diflertation. 
“Fhe herons upon which my obfervations 
were made, and which the nomenclators 
denominate cineritious, or grey (a), mutt cer- 
tainly be claffed among birds with interme- 
diate ftomachs, fince the fides of this vifcus 
have an intermediate thicknefs and {olidity 
between membranous and mufcular ftomachs. | 
When this organ is dilated; it appears about 
two inches wide, and as many long; its form © 
approaches to that of a cylinder. When 
opened lengthwife, and obferved internally, 
it prefents the appearance of ruge, of which 
fome run in a longitudinal, fome in a tranf- 
verfe, and others in an irregular and oblique 
direction. The fides of the ftomach are co- 


(a) Linn. Syft. Nat.T.1. Bel. Av. 
HI 4. vered 
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vered with a kind of gelatinous lining, of 


fome confiftence, but eafily removed, and of 
a colour between white and yellow. This 


lining feems organized; and I fhould be in- 
clined to fuppofe, that it is the innermoft coat 
of the ftomach. The nervous coat next pre- 


fents itfelf; it is of a whitith colour, and 


moderate thicknefs, but its texture is ftrong, 
and it is not eafily lacerated. When this 
coat is cleaned and dried with a napkin, and 
then diftended, and compreffed underneath, 
it is immediately covered with an effufion of 
very {mall and {carce vifible drops, which en- 


‘ Jarging and approaching towards each other, 
form at leaft a thin aqueous covering. And 
af this be wiped away, and the nervous ‘coat 


be again diftended and fqueezed, another like 


the firft will appear; and in like manner a 


third, a fourth, &c.. with this difference only, 
that the quantity of moifture is every time di- 


-minithed.. There can be no doubt of this 


being ‘a portion of the gaftric fluid, difcharged 
directly,into the cavity of the ftomach. I. 
have employed the utmoft attention in fearch- 
ing whether this liquor derives its origin from 


glands, or any analogous bodies, but could 


never difcover either the one or the other; 


and therefore we mutt fuppofe that it is fe- - 


creted by {mall arteries, which open into the 
ftomach, 
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ftomach, and dépofit their contents there. 
After the nervous, we have the mufcular coat, 
ofa red colour, and fcarce a line in thick- 
nefs. It'is compofed of , flethy ftrie, partly 
tranfverfe, partly longitudinal. ‘The former 
appeared to me to occupy the furface only, 
the latter conftitute the internal {ftrata, and 
are continued to the termination of this coat. 
There is alfo another coat, coniifting of cel- 
lular fubftance, and-this is the laft of all. 


xciv. The ftomach always, and efpecially . 


when empty, contains more or lefs gaftric 
fluid, of a bitter tatte, | turbid yellow aiaaks 
and generally of fome deniity.. The bitter- 


nefs is owing to the bile, which has that — 


tafte, but in an intenfer degree; I have often 
found itat the bottom of the ftomach, and in 
the vicinity of the pylorus. The gall-blad- 


der exceeds an inch in length; its greatett 


diameter is of five or fix lines; in fhape it re- 


fembles a {mall egg, of which the fharp end 
is inferted into the liver. Notwithftanding 
many careful examinations, I am not certain 
of having found the cyftict du@; I however 
fufpec that it-perforates the duodenum, at 
the diftance of fix inches from the pylorus ; 
this I colleét from a line of an azure-yellow 
hue, which arifes from the gall-bladder, and 
is inferted into that part of the inteftine. 


xcv. Above © 
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_. xev. Above the ftomach we meet with 
the fame kind of flefhy fafcia, which I have 
noticed in gallinaceous fowls and crows, 
GDN, RLV TE, LXXV). In the grey heron 
it exceeds an inch in breadth. This fafcia 
is alfo covered with’ the fame gelatinous 
Jining- that invefts the ftomach (xc111). 
Next we find a nervous coat of a finer texture 
than that of the ftomach, of which it appears 
to bea continuation. This coat, when at- 
tentively viewed, looks like a fieve, fo much 
is it perforated at every part. The perfora- 
tions are nothing but the apertures or mouths. 
of fubjacent follicular glands, occupying al- 


~ moft all the infide of the fafcia, and vifible 


through it. If the nervous coat be any where 
coiipremed, a vifcid, cloudy, and, as far as 
I could judge, infipid liquor oozes out at thefe 
pores, and continues to ooze out if the pref- 
fure be continued. The follicles that lie 
beneath, manifeftly fupply this fluid in fuch 
abundance. It would be fuperflous to de- 
{cribe thefe glandular bodies; fince they ex- 
actly refemble thofe of crows and gallinaceous 
fowls; whether we confider the immenfe 
number of them, or their pofition, contiguity, 
fhape, or colour. When we raife this ag- 
gregation of follicles, we come to the muf- 
cular coat, which is very thin, and confifts 


of 
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of Goceak {trata of long and compact flethy fa{- 
‘ciculi; next to which lies the laft or external 
‘coat, the thinneft of all, and confifting of 
cellular fubftance. 
xevi. The cefophagus is about twelve 
inches in length, and in breadth one anda 
half.. Its fhape is nearly cylindrical, but it 
becomes narrower near the ftomach. Upon 
‘examining it externally with a microfcope, I 
difcovered that it was quite full of minute bo- 
dies, which are, I fuppofe, glandular. When 
it has. been carefully inverted and inflated, 
and the humidity, which always covers: it, 
has been wiped away, if now we lay hold of 
one end, and {queeze it forcibly, fo that it 
fhall be enlarged in the adjacent parts, the 
humidity will appear again; and upon re- 
“peating the compreflion, it will be feen fe- 
veral fucceffive times, juft as in the ftomach, 
(xcir1); with this difference, however, as I 
Conceive, that the humidity in the ftomach 
‘derives its fource from {mall arteries, and in 
‘the wefophagus from minute glands, or fome 
analogous bodies, 
_ xcvit. It was natural to fuppofe that this 
‘Apparatus of fluids, which are conftantly 
trickling into the cavity of the ftomach and 
eefophagus of herons, is chiefly defigned for 
Peettion. But the fmall number which I 
pofiefied, 
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poffefled, and their almoft never vomiting, 
like crows, indigeftible bodies, and confe-— 
quently tubes, did not permit me to make 
fuch a feries of experiments as I could have 
wifhed. I have however been able to make 
the moft effential, of which one confifted in 
enquiring into the manner of digeftion in the 
fhomachs.perthelehirdecn Pocdhas purpofe I 
had recourfe to the tubes, than which I do. 
not believe there are any means better adapted. 
to fuch enquiries. It is well known that the 
grey heron feeds on fifhes, frogs, waters 
fnakes, and feveral forts of aquatic worms and_ 
infects. 'Thofe in my poflefion devoured 
frogs, and efpecially fithes, with great grees 

dinefs; and I therefore ufed them for my ex= 
periments. They fwallow frogs of a mode- 
rate fize whole. A whole frog, inclofed in a 
tin tube, was introduced into the ftomach, 
together with a fith, of bulk nearly equal) 
included in another tube. In twenty-four 
hours the heron was killed, and the ftomach> 
opened; though the tubes were very thin, | 
they had received no damage, if we except) 
two flight contufions upon one of them; they 

were ~ light, that it was not difficult to guefs 
that they no longer contained the fame quan= 
- tity of .matter that had been put into thems 
The little fith was all diffolved, except fomé - 


7 
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of the ribs, a few bones of the head, and a 
bit of the flefh of the back, which had be- 
come fo tender, that the parts no longer co- 
hered. The frog’s fhape was more eafily dif-. 
tinguifhable than that of the fith; the pulp 
of the thighs, and even the bone itfelf, was 
quite deftroyed ; but the ends of the lower, 
as well as the upper limbs remained. The: 
‘integuments of the abdomen and thorax were 
no longer to be found; and the fubjacent 
fleth was become fo foft, that it appeared to. 
have undergone a flight boiling. The bones. 
had acquired the foftnefs of cartilage. Thefe 
‘remains of the frog and fith were impresnated 
with gaftric fluid, and tafted bitter. The in- 
telligent reader perceives the immediate con- 
fequences of this experiment. In the firft 
place the ftomach of herons acts with fome 
force upon the fubftances it contains, as we » 
may collect from the flight contufions upon 
one of the tubes. Secondly, digeftion, which 
‘was in an advanced ftate in the frog, and 
“quite complete in the fith, is not the effect of 
trituration, but of the gaftric fluid, which en- 
tering in at the open extremity of the tube, | 
or through the holes at the fides, penetrated 
the two animals, and by virtue of its folvent. 
power, partly confumed them; but it made 
greater havock upon the fifth than the frog, 

on 
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oh account of its being tenderer. Thirdly, 
the efficacy of the gaftric fluid of the heron is — 
not limited to the folution of foft parts, fuch 
as the fkin, flefh, &c. but extends to the 
hardeft alfo, viz. the bones. ; . 
xcvirt. Of the laft circumftance I withed 
‘to obtain greater certainty, by putting bones 
alone into the tubes. We have already feen 
that crows are incapable of digefting hard 
bones, and that they digeft fuch as are ten-— 
der with difficulty (Lxx, Lxx11, yxx11r). It 
was therefore an object of great curiofity to 
difcover what would happen in herons; and ' 
it was eafy to fatisfy this curiofity, by inclo- | 
fing bones of feveral forts in the tubes; in one 
I therefore enclofed only the tender bones of. 
frogs or fifhes; in another hard bones, viz. 
the thigh-bone of a turkey broken in two © 
pieces. The pieces of both the hard and ten- 
der bones were formed into two bundles, and — 
tied with thread. After an heron had re-’ 
tained thefe two tubes in its {tomach twenty- 
_ feven hours, it was killed. It was with a — 
mixture of furprize and pleafure that I faw 
the tube which contained the fithes and frog’s — 
bones empty, while the ftring remained en- — 
tire. The gaftric juice had then perfectly 
diffolved the bones. But this was not the _ 
cafe with refpect to the contents of the other — 
tube. 
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tube. I fhould have confidered them as un- 
touched, if they had not appeared {moother, 
whiter, and perhaps thinner than at firft. 
They now weighed only eleven pennyweights 
and fix grains, whereas at firft they had 
weighed fourteen pennyweights; they had 
therefore loft of their original weight three 
pennyweights within fix grains. If this ex- 
periment be compared with that made upon 
crows, with the fame intention, it will ap- 
pear evident, that the gaftric juice of the lat- 
ter is lefs efficacious in diffolving bones than 
_that of the heron. And in truth, their na- 
ture requires that they fhould digeft every 
part of the animals upon which they feed. I 
gave them fome frogs, and obferved their 
| way of eating them; when ofa moderate fize 
| they fwallow them whole, when very large 
they feparate them into feveral portions, and 
| {wallow them without parting the fleth from 
the bones. Since, then, herons do not en- 
| joy the advantage of vomiting up fubftances' 
‘incapable of being digefted (1xxvr1), and 
| the bones of frogs and fuch animals cannot 
| eafily be voided at ‘the anus, Nature has wifely 
endowed the ftomach with the power of con~ 
| cocting and affimilating bone. 

| -xcrx. It was equally curious and important 
| to enquire, whether the cefophagus of the. 
ee | heron 
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heron as well as of crows, is capable of per~_ 


forming digeftion (LXXVII, LXXVIII, LXxIx). 
- The great length of the neck, and confe- 
quently of, the cefophagus, is extremely fa- 


vourable to fuch an enquiry. For this pur-_ 


pofe a flead frog was forced half way down 
this canal with the head downwards, where 
it was fixed by a ftring, of which one end 


was tied round the hind legs, and the other . 


came out of the mouth, and was wrapped 


round the neck. In this fituation it remained — 
two hours, and more was effected than I could 
expect in fo fhort a fpace. The animal was, 
indeed entire, but was become very tender, © 
though the tendernefs did not penetrate far 
below the furface. ‘This appearance of in- © 


cipient concoction induced me to pufh the | 


experiment further, that I might fee how it - 
would terminate. The frog was therefore 


replaced in its former Filan where it con- | 


tinued three hours longer; I then thought it 
time ‘to examine the animal, and drew up the — 


pack-thread, but nothing came up with it — 


except the hind legs and ribs; the reft re-_ 
mained in the throat, and an inftant after-— 
wards I perceived the animal tranfmit it into — : 


the ftomach. I found the legs and thighs — 


: 


half diffolved, and being very defirous “of 
knowing what had happened to the other - 


parts 
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paris of the animal, I determined to kill the 
heron without delay. The frog was in the 
dtomach; the external mufcular flefh was 
quite deftroyed, and what remained entire 
was eafily divifible into feveral portions, ef- 
pecially at the articulations: The fame ap- 
pearance of decompofition had taken place, 
as if it had been macerated in water; but 
it did not exhibit the {malleft fign of putre- 
faction. 

c: Although experiment thus abundantly 
evinced a fenfible concoétion in the cefopha~ 
gus, I had not adverted to one circumftance, 
which however deferved attention, viz: to 

fix the precife lofs which the flefh underwent _ 
in that cavity. I therefore repeated the ex- 
periment with this view, but having no frogs 
in my poffeflion, I fubftituted fome fleth with 
which I happened to be provided, confifting 
of cow’s lungs, to the amount of half an 
ounce; forty grains; . It was drawn out of the 
cefophagus by means of the pack-thread, af- 
ter it had remained there thirteen hours, when 
_ it had loft feven pennyweights and two grains. 
As the cefophagus of the heron is mem- 
_ branous, it is more than probable, that its 
mechanical action did not concur in produ- 
cing this effect; it however was proper to 
prove this by direct experiment, which might 

Vou. I. I be 
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be done by means of the tubes. With them | 
therefore I repeated the. experiment which.I 
had before made, in order to determine, whe- 
ther the cefophagus of the heron is capable 
of digefting food. Solution of the flefh un-_ 
doubtedly took place within the tubes, and 
fo I was convinced, that it did not depend on 
any motion of the cefophagus, but on the ef- 
ficacy alone of the fluid which is fecreted by 
it. ) : 
ci. Another experiment yet remained to 
be made, whence we might deduce not only 
the exa&t diminution of the flefh, but the 
proportion between its diminution in the 
cefophagus and ftomach; two globular pieces, 
two-thirds of an ounce each, of cow’s lights 
‘were introduced, one into the cefophagus, and 
the other the ftomach; each remained feven _ 
hours in its refpective fituation, when the 
heron was killed; the ‘ball from the ftomach 
at fart of the fize of a walnut, was now no 
Jarger than a pea, and weighed only twenty- 
eight grains. That which had lain in the cefo- ' 
phagus was indeed reduced in bulk, though 
but very little in comparifon with the other ; 
it had loft three pennyweights eighteen 

wranis. +,’ | 
Both thefe inftances gave me an opportu~ 
nity of remarking, that the juices, whether 
Y of 
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of the cefophagus or ftomach, did not feem 
to act by penetrating deeply into the fubftance 
of the flefh, but by corroding the. furface; 
the external layer was firft diffolved, and then 
thofe that lay beneath in their order. And 
- in reality, when I came to wath the ball ta- 
ken from the cefophagus, and wipe away the 
external gelatinous ftratum already diffolved 
by the cefophageal fluid, the next ftratum ‘ 
thewed the natural fibrous, firm, and red ap- 
pearance; and when the ball was cut into two 
hemifpheres, the infide feemed perfectly 
- found, without the fmalleft fign of having 
been impregnated or touched by that corro- 
five liquor. The- fame obfervation is appli- 
cable to the other ball; for notwithftand- 
ing its great BE edraony it was quite ose 
within. 
‘I had now but two Heidnt left, and thefe 
I facrificed to the defire of afcertaining till 
further the excefiively rapid concoétion of the 
ftomach, compared with that of the cefopha- 
gus. And in fact, I obferved it again: on 
two frogs and as many fifhes, of which the 
former continued eight hours in the cefopha- 
gus and ftomach, and the latter nine hours. 
Thefe experiments incontrovertibly prove, 
that the wfophagus of the heron as well as 
of the crow, has the privilege of digefting 
I2 any 
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any food that may happen to be lodged in it: 
this privilege extends likewife to other ani- 
mals, as we fhall fee in fome paflages of the | 
following diflertations. 
cir. The obfervations related im the pre- 

fent and the preceding differtation, prefent us 

with various inftances of agreement and dif 

agreement in the digeftion of birds with muf+ 

cular and of thofe with intermediate ftomachs, 
Let us here, for the convenience of the 

reader, colleét into one point of view thefe 
{cattered traits; they may fix more firmly in 

the mind all that we have obferved, whether 
curious or interefting, in thefe two claffes of 
animals. With refpect to the traits of re- 

femblance, they may all be reduced to the 
relation between the gaftric fluids. — Firft 

then it has been proved, that thefe fluids, 

befides being alike in colour, are always falt 
and bitter; and that the bitter tafte derives 

its origin from the bile, which regurgitates 

through the pylorus into the cavity of the 

ftomach. Secondly, thefe fluids are the im- 

mediate agents of digeftion, both in mufcu- 

dar and intermediate ftomachs,. independently 
of trituration. ‘Thirdly, In thefe two or- 

ders of birds the fluids act in the fame man- 

ner in the folution of the food; they firlt 

{often and next convert the furface into jelly, 

then 
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then produce the fame effect upon the interior 
parts, and fo infinuating themfelves gradually 
till it is completely diflolved. Fourthly, they 
do not entirely lofe their folvent efficacy as 
- foon as they are taken out of the ftomach, 
provided they are heated to a proper degree, 
as artificial digeftion proves. Laftly, The 
fources from which thefe fluids fpring, are, 
in’great meafure, the fame in both claffes, 
viz. the follicular glands, with which their 
ergans abound, 

» cit. The differences are in part reducible 
to the inferior efficacy of the gaftric fluid in 
mufcular to that of the fame fluid in inter- 
mediate ftomachs. Thus the gaftric fluid in 
the former is incapable of diffolying the fame 
aliment, which in the latter it eafily diffolves. 
In like manner the food, which each kind of 
gaftric juice decompotes and digefts, is fooner 
fubject to this change from that which be- 
Jongs to intermediate ftomachs. And this is 
alfo the reafon, why artificial digeftion fuc- 
ceeds much fooner with the firft than the fe- 
cond. The fame inefficacy that the gaftric 
juices of birds with mufcular ftomachs thew _ 
in decompofing certain aliments of a firm 
texture, extends alfo to their cfophageal 
juices in decompofing foft fubftances, not-~ 
withitanding the latter are tolerably well de-~ 

13 compofed | 
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compofed by the cefophageal juice of birds 
with intermediate ftomachs. The prodigi- 
ous effects of trituration in mufcular fto- 
machs, conftitute another very ftriking diffe- 
rence between thefe two clafles of birds, the 
feeble force of intermediate ftomachs being 
fcarce comparable with the enormous power, 
of the other kind. Such a degree of, force _ 
was abfolutely neceffary in thefe, fince the 
juices are incapable of decompofing food of 
confiderable firmnefs, fuch as feeds, the na~ 
tural food of birds provided with gizzards; 
and therefore an agent capable of breaking, 
triturating, and thus pre-difpofing them for 
digeftion became neceflary; and fuch are in 
reality the gaftric mufcles in thefe fowls. 
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CONCERNING DIGESTION IN ANI 
MALS WITH MEMBRANOUS STO- 
“MACHS. FROGS. NEWTS. EARTH 
AND WATER-SNAKES. VIPERS. 
FOSHES. SHEEP, THE’ OX FRE 
HORSE. 


a ee examine at full length the nature of 
— digeftion is the object of thefe differ. 
tations. By extending my enquiries to the 
three claffes to which all animated beings 
may be referred, I hope to be enabled to folve 
the problem in a fatisfactory manner. Of 
thefe claffes the firft comprehends: animals 
with mufcular, the fecond with intermediate, 
and the third with membranous ftomachs, 
The laft: clafs is infinitely more numerous 
than the two former. If we fuffer our ima- 
gination to range over the immenfe multi< 
tudes of quadrupeds, fith, reptiles, birds of 


prey, not even excluding man himfelf, we 
I4 fhall 
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fhall find, that they are all, or nearly all, en- 
dowed with membranous ftomachs; not to 
mention that numberlefs tribe of minute be- 
ings, the greater part of infects. My tafk 
would have been endlefs if I had projected 
enquiries, I will not fay concerning every 
{pecies of animals included under thefe ge- 
hera, a project which many academies would 
not be able to execute, much lefs a fingle ob- 
ferver; but concerning great part of them. © 
I was therefore obliged to confine myfelf to 
tefearches upon a fmall number. Thefe re- 
fearches combined with others already rela- 
ted in the two firft diflertations, will be fuf- 
ficient, if Iam not very much miftaken, to 
fet the theory of digeftion in a clear point of 
view, both in animals and man. As the va- - 
rious fpecies, which I take into confideration, 
cannot be all exhaufted in a fingle differtation, 
{ thal] diftribute them into feyeral, beginning 
with the animals that are fituated loweft in 
the fcale of fentient beings, and ending with 
that which occupies the higheft and nobleft 
place, with man. 
ev. Let us begin then with frogs and wa- 
ter newts, two {pecies of {mall carnivorous — 
animals. As the mouth and cefophagus in ~ 
the former are large, it was eafy to introduce ° 
tubes into their long ftomachs. But I was 
ee a foon 
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_feon aware, that it would be neceflary to ' 
make experiments upon a great number at 
ence, if I wifhed to know what changes the 
flefh enclofed within the tubes underwent in 
the courfe of feveral days; for the tubes were 
very often vomited up, and at uncertain in- 
tervals, fometimes in a few, fometimes in fe- 
veral hours after they had been fwallowed; 
at others again, after a whole day, and in 
fome inftances, after a {till longer interval. 
As I knew, that this fpecies of animal very 
greedily devours any fort of flefh that falls in 
its way, I did not think of felecting, but took 
what happened to come firft to my hands, and 
this proved to be a piece of the {mall intef- 
tine of a fheep, which I divided into twelve 
portions, and enclofed them in as many tubes. 
Thefe tubes were diftributed among fix of 
my largeft frogs, two being given to each. 
They were kept in a very large veffel of wa- 
ter with high perpendicular fides, that they 
might not make their efcape. I neglected 
_ the tubes that were thrown up, and examined | 
thofe only which remained in the ftomach. 
In the fpace of a day I obferved the following 
refults. From the intervals of the grating 
which lay before the open extremities of the 
tubes, there oozed out a cineritious matter, 


which, 
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which, when touched, adhered to the fin- 
gers, and formed long filaments. When the 
grating was removed, I perceived, that this 
gluten was nothing but the fleth itfelf, which 
at that part began to be decompofed and to 
change its nature, retaining however the cha- 
racteriftic marks of flefh in the more internal 
parts of the tubes. Upon opening the fto-_ 
machs I did not find any gaftric fluid; they 
were quite dry. an 

'- evi. In two tubes that were examined at 
the expiration of two days, the flefh had un- 
dergone a further decompofition. _ It now 
not only oozed out at the mefhes of the lat- — 
tice-work, but likewife at moft of the per- 
forations in the fides cdf the tubes; and when 
it was drawn out with the point of a pair of 
forceps, and then freed by wathing from the 
vifcid mucilage, what remained of real flefh 
or inteftine was fo very little, that I do not 
believe it exceeded the thirtieth part of its | 
original weight. At the end of the third day 
there remained but a fingle tube in one frog; 
in this there was no flefh, but it had been all 
diffolved to glutea, had oozed out of the 
tube, and adhered to the fides of the fto- 
mach, excepting a very fmall portion that 
was fticking to the tube. This vifcid matter 
was 
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was infipid to the tafte, a certain proof that 
the gaftric fluid had effected this alteration 
‘without the concurrence of any mechanical 
action of the ftomach. It muft however be 
allowed, that this fluid is exceedingly flow 
in producing its effects, fince it required three 
days. This flownefs muft have arifen either 
from the fmali quantity or ineflicacy of the 
fluid, or perhaps from both caufes. In con- 
fequence of this tardy action I found in fimi- 
Jar experiments upon fix other frogs, that 
the flefh in fome of the tubes was not entirely 
confumed at the end of the fifth day. 
evil. The gaftric liquor of frogs is not 
however on this account incapable of cons 
-eocting in time fubftances which we fhould 
have fuppofed above its power, viz. bones. 
Ina quantity of frogs brought me one day 
by the fifhermen, there was one fo large, that 
I was induced by its enormous fize to kill it, 
f im order to fee what it contained; I found, 
that the enlarged bulk was owing toa moufe | 
‘In the cavity of the ftomach. The hair had 
begun to fall off, and the fkin was become fo 
very tender, that it had loft its cohefion. The 
fore as well as the hind legs had undergone a 
greater degree of folution, the bare bones 
ry being left, and they were confiderably 
watted | 
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wafted and converted into a femi-gelatinous 
fubftance. The moufe upon being opened 
appeared quite found internally, the deftruc- 
tion was confined to the furface, and there- 
fore occafioned by the gaftric fluid, which had 
begun to act here on the external parts, juft 
as it does in animals with mufcular and in- 
termediate ftomachs. ‘The f{mallnefs of the 
extremities permitted the fluid to penetrate 
them with greater facility, hence it had al- 
moft confumed them without {paring even the! 
bones. In this inftance I could not perceive 
any fign of trituration, for the moufe was 
neither bruifed nor lacerated; ner can I con- 
ceive what other force can be exerted by fto-— 
machs compofed of fuch fine coats, befides 
that of compreffing the bodies they contain, | 
when they happen to be very large. 

cvii1. The mouth and throat of water~ 
newts are both fo narrow, that they would 
not admit the ufual tubes, they hawever ad- 
mitted others made in the fame form, but of 
a fmaller fize, on purpofe for them. From _ 
having kept thefe animals in my houfe for fe~ 
veral years, both when I had occafion to exa- 
mine the circulation of the blood, and tq_ 
obferve the admirable reproduction of their 
| limbs, I had-learned, that the food which. 
they 
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they devour with the greateft avidity is living 
earth-worms (a). Nearly the fame obferva- 
tion is made by my illuftrious friend, Mr. 
Bonnet, in his fine memoir concerning the re= 
production of the limbs in water-newts, in 
which he confirms my difcovery of this won- 
derful reproduction in the cleareft and moft 
decifive manner, after it had been queftioned 
by Mefirs. Adanfon and Bomare, for want of 
addrefs and fkill in making experiments in 
this branch of zoology (6). I had then re- 
courfe to earth-worms; they were cut in 
pieces, and placed alive in the tubes, which 
were introduced into the ftomachs of feveral 
falamanders. The gaftric fluid of thefe little 
reptiles acted more fpeedily than that of 
frogs (cv1). The divided worms began to 
change colour in fifteen hours, and to become 
foft and flabby. About the thirtieth hour 
the parts had loft their cohefion, and the 


(a) I treat at full length of thefe aquatic lizards in my three 
works intituled, 
 Prodromo di un’ opera da imprimerfi fopra le edna 
animali, 

Del Azione del Cuore ne’ vafi fanguinei, 

De’ Fenomeni della Circulazione obfervata nel gifo univers 
fale de? vafi. 

(4) The memoir is inferted in Rozier’s Jouraal for No- 
vember, 1777. 

N.B. It is likewife reprinted in ‘this late colleétion of his 
works. 


rings , 
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tings were no longer vifibles and in lefs than 
two days they were converted into a whitifh — 
pulp, of which the greateft part had run out. 
of the tubes. 

cix. The diffe@ion and examination of the 
{tomachs of newts prefented me with a phe- 
nomenon, which muft not be concealed from — 
the reader, both on account of its fingularity, — 
and the light it throws on the prefent fubje@. 
This phenomenon is nothing lefs than a great 
number of {mall white worms in this vifcus, 
vifible to the naked eye; of the thicknefs of a 
thread, and the length (at leaft in the largeft) 
of two-thirds of an inch; however if we wihh | 
to examine them minntely; we muft employ» 
the microfcope. They are of two forts; in 
one both extremities terminate ina point, ‘the , 
other has one end pointed; but the other ob- — 
tufe,- and marked witha dark fpot; the latter” 
{pecies is fhorter than the former, and thin«~ 
ner in the fame proportion. Each {pecies is 
furnifhed with rings, narrower at the ends of , 
the body, and wider at the middle, as is ge- 
nerally the cafe in anular worms. Thefe two” 
forts of worms are not flat or comprefied, but — 
round; it is therefore certain that they do not — 
belong to the genus of tenia, or the gourd-— 
worm, but to that of round or columnar worms _ 
(teretes). ‘They are not loofe in the cavity of ‘ 

the 
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the ftomach, as the worms lodged in the i in* 
teftines of larger animals commonly are, ‘but 
are always found with one extremity inferted 
to. fome depth in the internal coat of that or- 
gan; hence it requires fome force to detach 
them, and frequently they break fooner than 
feparate. Of thofe that have the dark {pot, 
the more obtufe end is fixed in the ftomach; 
it is impoflible to fay whether this is the cafe 
with refpect to the others, fince both ends. 
are equally pointed. The loofe. extremity 
projects into the cavity of the ftomach, fome+ 
times coiled up in the form of a circle, and 
at others twiited in a fpiral. If the ftomach 
be taken out of the animal, and fet to mace- 
rate in water, the worms live for many hours 
without quitting their fituation: if afterwards 
“we feparate them with the hand, without 
breaking them, and place them upon fome 
fubftance, in order to obferve their move- 
-ments, they will be feen to writhe in various 
directions; fometimes bringing the mouth 
towards the tail; fometimes ftretching them- 
felves in a right nie and at others making 
ftrange contortions, as is ufual with reptiles 
in general. 
cx. Not being able to conjecture for what 
‘purpofe the part perpetually inferted in the 
fubftance of the vifcus, could be defigned, 
et unlefs 
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unlefs it was to fuck the thinneft and pureft — 
part of the liquor; and confequently fuppo+ 
fing it to be the head of the animal, or at 
leaft fome analogous part, I tried to difcovet 
the mouth with the aid of the microfcope; 
but my endeavours were vain: I believe, 
however, that I found the alimentary canal; 
it is a bright filver-coloured fpecies of intef- 
tine, running along the worm, in a tortuous 
manner, from fide to fide; it is always full 
of a number of particles, which fluctuate res 
gularly, like a buoy, probably impelled by a — 
fort of periftaltic and antiperiftaltic motion. — 
This canal is common to each fpecies ; in that 
with a dark {pot at one extremity (cIx), a) 
fecond canal may be perceived; it is ftrait, 
and probably (I fhould rather fay certainly). 
the receptacle for the eggs; for I have als — 
ways obferved it-more or lefs full of a great 
number of corpufcles, of an oval fhape, float= 
ing ina very tranfparent lymph; thefe cor- 
pufcles, when the worm is not in motion; 
always continue at reft. If we lay hold of 
the animal by its extremities, and break it in 
the middle, the little canal will generally be 
broken, and the ovula will make their efeape 
in a ftream from the lacerated part. Itis not 
difficult to burft them between two’ pieces of 
talc, when a thin fluid fprits from them; 

after 
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after which the eggs become dry and opake, 


confifting now of nothing but the empty cover, 


“as always happens to the membranaceous 


eggs of {mall animals. Each worm of this 


| fpecies is furnifhed with thofe oval particles 


enclofed in their canal; if they are real eggs, 
as there is great reafon to believe, we muft 


‘conclude that every individual is an herma~ 


_. phrodite; it will however remain doubtful 


whether they are ftrictly fo; i. e. have no need 


- of copulation, like {weet-water polypes, and 


many other forts of microfcopical animals, 


- &c. or elfe, in the wider acceptation of the 


term, are like teftaceous and naked fnails and 
earth-worms; each of which brings forth 


eggs and living-young, but requires the con+ 


currence of another individual. 
ext. I might probably be afked ighedaes: 


thefe worms tikisc in healthy newts, or ra 


ther in fuch salir as are difeafed. This doubt 


fuggefted itfelf to me; and in order to clear 


it up, I examined not only fuch as I kept at 


_ home, and were therefore liable to the fufpi- 
E cion of unhealthinefs, but fuch alfo as were | 
- newly caught, and full of health and vigour; 


but the ftomachs both of the one and the 
other harboured alike thefe unpleafant guefts. 
But it muft be obferved that they do not fix 


their abode in all newts; and that in thofe 


BeaVor. I. K _ where 
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where they do, they are not equally nume- 
sous. Of the immenfe number I have opened 
at different times, and with different views, 
three-fourths have had a family of worms 
in their ftomachs; which is fometimes com- 
pofed of only five or fix individuals; at others 
of feveral dozens, and at others again of an 
hundred or more. 

cxi1. In my numerous examinations of the 
ftomachs of the ditferent animals mentioned 
in this work, crows alone have exhibited a 
phenomenon nearly refembling what is found 
in newts; I mean a quantity of worms lodged 
in the ftomach. But thefe worms are not 
inferted into the internal coat, as in newts, 
but are found between the internal and the - 
nervous. We are very well acquainted with 
the little worms that live in trees, and gener- 
ally fix their abode between the bark and the 
wood; and lurking there unfeen, devour the 
cortical part, which furnifhes them with an | 
‘agreeable aliment. If the bark fhould be 
parted from the trunk on purpofe, or by ac~ 
cident, their devaftations are expofed to view, 
in the form of excavated paths, winding 
backwards and forwards in a ferpentine di+ ~ 
rection ; nor is if uncommon to furprize the 
“worms actually employed in forming thefe 
excavations, which ferve them at once for 

food 
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food and lodging: The fame thing nearly is 
obfervable with refpect to the: worms of crows: 
If the internal be parted from the nervous 
coat flowly and carefully, thefe animals are 
fuddenly expofed to the eye, adhering for the 
moft part to the back of the internal coat, 
lurking in certain cavities formed in its fub- 
ftance, and which in all likelihood, arife from 
the erofion of thefe very worms. Further, 
- we find fome with both ends expofed, while 
the middle is deeply buried in the fubftance 
of the internal coat: Laftly, others have one 
extremity inferted into this, and the other 
into the adjacent nervous coat; but they ne= 
ver make their way into the cavity of the fto= 
mach, Thefe worms do not appear to differ 
from thofe in newts, in colour, length, thick-~ 
nefs, or in the alimentary canal; they have 
however one effential difference, they are 
without rings, but have a {mooth and flip- 
pery fkin. In their motions they are dull 
and languid; when taken from their abode, » 
and placed in water, they live many hours: 
They are found both in grey crows and rooks ; 
but I have never feen them in any part of the 
body except the ftomach. 

ecxiii. But let us return to the worms in 
hewts (CIX, CX; Cx1), and confider them 
in as far as they relate to digeftion. I affert 
K 2 that 
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that their prefence is an incontrovertible 
proof, that no fenfible degree of force is ex= 
erted by the ftomach; 6h how is it poffible 
to donceive that the fides of the ftomach can 
rub againft each other, or at leaft impinge 
Pernt the food, without doing. the {malleft 
injury to worms of fo delicate ftructure? I 


have more than once taken the ftomach of a 


newt between my thumb and finger, and 


compreffed it very gently, or rubbed it lightly, | 


_ and upon opening it, have always found fome 
rupture, fome difcontinuation of the parts of 
thefe worms... We muft therefore conclude, 
that digeftion in water-newts is folely the ef- 
fect of the gaftric fluid, of which the efficacy 
has been already fhewn in the decompolition 
of earth=worms inclofed in tubes (cv1i1). 


have alfo feen its action, in a manner equally 


ftriking, on worms which newts have taken 
and fwallowed of their own'accord. How 
tenacious thefe minute reptiles are of life, is 


abundantly proved by cutting them into fe. 


veral pieces, in Cesiteaunives of which they | & 


do not die; but on the contrary multiply, as 
many worms being produced as parts into 
which they were divided (az). It is true, 
they do not ceafe to live after having remained 


(az) See Reaumur, Bonnet, and my Profpedtus. 


ten 
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ten or twelve hours in the ftomach of a newt ; 
nay, when they fill it too full, they void fome 
“alive and crawling by the mouth, whether by 
actual vomiting, or whether the worms, after 
various movements in fo difagreeable a place 
of confinement, at laft find their way out 
through the cefophagus. But they certainly 
die at laft, not becaufe they are triturated or 
crufhed to pieces, for they continue whole 
for feveral hours; the gaftric fluid firft foftens 
and then converts them into-a gelatinous fub- 
ftance, and bya continuance of its action, at 
length reduces them to an impalpable mafs. _ 
cxiv. But how come the tender worms 
in the ftomach to efcape folution, when all 
other infects, whether aquatic or terreftrial, 
upon which the newt feeds, die and are di- 
gefted? If it fhould be faid, that this hap- 
pens becaufe they have been habituated to 
the ftomach by long refidence, the difficulty 
would be perhaps removed to a greater dif- 
‘tance, but certainly not taken away altoge- 
ther. As the caufe of this phenomenon, we 
muft affign the inability of the gaftric fluid to 
decompofe thefe minute beings, however 
powerful may be its energy upon others of a 
ftructure lefs delicate; juft as a chemical 
menftruum is capable of diffolving one metal," . 
but not another. ‘Thus aqua regia diffolves, 
K 3 gold, 
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gold, but not filver; or an acid that com- 
bines with the calcareous, has no attration — 
for the argillaceous and filiceous earths. 
Nearly the fame difference of digeftion is alfo 
obferved in that of polypes provided with 
arms; they fometimes {wallow their own 
arms along with infects; but though the 
former die and are digefted, the fecond do 
not in the Jeaft fuffer.- Thus a polype in- 
ferted into the ftomach of another polype, 
continues to live as before(a). ~ 

cxy. But-let us proceed to ferpents, of 
which I propofed to treat after frogs and 
newts. Thofe which are moft eafily procu- 
redin the environs of Pavia are certain ter- 
reftrial {nakes, called in fome provinces of 
Italy, Smzrold: (6); and water-{nakes, which 
many naturalifts call fwimming (natrices) (c), 
The firft confiderably exceed the natrices and 
vipers in fize. The largeft are about an inch’ 
and a half in thicknefs towards the middle of 
the body, and forty-five and fometimes fifty 
inches long. . The lower part of the body is 
white mixed with yellow and green ftreaks, 


(a) Trembley, Mem. fur les polypes. 
(6) Not defcribed by Linnaeus or any other naturalift, as 


far as I know. 
/ (ec) Natrix. Linn, Syft. Nat. T. 1, Natrix torquata. Ray. 


quadr 
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the upper part is blackith, but towards the 
neck and head interfperfed witha milky white, 
They fly with greater {peed than the water- 
fnakes, and far greater than vipers. They 
are not inferior to the latter in a {pirit of re- 
venge, and their bite alfo draws blood, as I 
haye myfelf experienced, but is harmlefs, 
Before I made ufe of the tubes, I withed to | 
acquire fome knowledge of the cfophagus 
and ftomach. Having therefore fkinned one, 
_ and blown up the cefophagus in fuch a man- 
ner that the air coyld neither pafs out above 
nor at the pylorus, it appea ared to me to re- 
femble a large inteftine, cylindrical for about 
the length of nine inches, and becoming gra- 
dually narrower below, fo as to form a fun- 
nel of the length of four inches and an half, 
I foon perceived, that this funnel] was the true 
ftomach, and the inteftine the cefophagus, 
Both the trachea ana Jungs run along the wfo- 
phagus, to which they are firmly attached by 
means of a membrane, as alfo is the heart, 
which has the fhape of an elongated pyramid, 
fituated at the origin of the lungs, We find 
likewife a vifcus arifing from di bafis of the 
heart, afcending upwards alony the cefopha- 
gus, and adhering in great meafure to the 
trachea: itis of the fame length as the lungs, 
but its fubftance is different, being tender 

K 4 and 
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and afh-coloured ; I could not then determine i 
what it was. Next below the lungs lies the 
liver, which, together with the vena porta- 
rum, refembles a long narrow leaf attached 
to a very long footftalk; both adhere to the 


__ @efophagus. Below the ftomach we find the 


{pleen, nine lines in length and of a very 
acute oval fhape. The gall-bladder liesin the 
tegion of the fmal] inteftines, confequently 


ata great diftance from the liver; when we 


prefs it the dud is filled with bile, which 
it evidently difcharges into the duodenum at 
about the diftance of an inch from the pylo- 
tus. Near the gall-bladder we find another 
body {maller than it, attached to the duode- 
num, and of a flefhy confiftence. I fhould 
fuppofe it to be the pancreas. hah” 
cxvi. If we feparate the cefophagus and 
{tomach from the lungs and other parts jut 
defcribed, and open it longitudinally, the 
cefophagus appears fimply membranous; the 


membrane of which it confifts is very thin 
- and of a filver colour. ‘The ftomachis com- | 


pofed of thicker fides, and among the coats 
which compofe it we have one of flefh, which 
like the flefhy coats of other membranous 
{tomachs, is very thin. I could not perceive, 
that the cfophagus is provided with. any 
glands or follicles ; but I obferved, that the 

ftomach 
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| Bamach was abundantly fupplied with them 


‘throughout its whole length; they difcharge ; 


part of their liquor on_being prefied, and the 
internal coat is moiftened with it. 

, exvil,| 1 come now to experiments rela- 
tive to digeftion. I found great facility, not 
only in pafling the tubes into the ftomach, 
but likewife in bringing them up whenever 
I pleafed. I made an affiftant lay faft hold 
of the {nake fo as to prevent its ftriking or 
wreathing round the body, while I opened 
the mouth and forced a tube in lengthwife, 
and then, by means of a thin rod, thruft it 
two or three inches down the throat. After 
this the reft followed of courfe; for I had 
only to prefs with my fore-finger and thumb 
the neck of the animal in the place oppofite 
to the top of the tube, which was forced to 
_defcend for fome way down the cefophagus, 
and bya repetition of the fame mancuvre I 
-foon brought the tube to the bottom of the 
ftomach, which I knew by the refiftance it 
made when I attempted to puth it lower; for 
now the narrow pafiage of the pylorus pre- 
yented its defcent, Bya like preffure, but 
made in the oppofite direction, from below 
upwards, I could bring up the tube from the 
{tomach into the efophagus, and thence out 
‘through the mouth. I employed this con-~ 


tr ivance 
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trivance for introducing the tubes into the 
ftomach; and bringing them out at the mouth 3 
in water-{nakes likewife, and even vipers, — 
managing the laft however with fome care, . 
which is very requifite, in order to ayoid be- 
ing bit by thefe ferpents during the operation, 
when they are highly exafperated. 
-exviti. When I was opening fome of my 
land-{nakes (/miroldi) to examine the alimen- 
tary canal, I found in the ftomach of one a 
wall-lizard not in the leaft injured or digefted, — 
I thought of employing it for my experi- 
ments, as it muft be a kind of food well. 
adapted to thefe reptiles. I therefore enclofed 
a piece of the tail of this lizard in a tube, 
which continued for a whole day in the ito- 
mach without having its contents at all dif. | 
folved. ‘Thirty-fix hours produced fomething. 
more. ‘The tail of the lizard is compofed of 
a number of little mufcles, enchafed one 
within the other, and bound round by a thin 
anular membrane. The piece of tail was 
placed in the tube in fuch a manner, that the 
invefting membrane was in conta¢t with the 
fides, and the mufcles were bare at the open - 
ends. The membrane had fuftained no in- 
jury, but the mufcles were eroded on the 
plane of fection, anda little excavated. Up- 
on touching them I found, that they had — 
| been 
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been converted into a gluten of fome vifcidity, 
The gaftric fluid then (for the mechanical 
action’ of the ftomach could produce no effe& 
within the tubes, were any fuch action to be 
exerted at all) had begun to digeft the flefh, 
by diffolving what lay at the ends of the tube 
before it attacked that which was contiguous 
to the fides; not only becaufe it was not co- 
yeted by the membrane, but alfo becaufe it 
had freer accefs at the ends: the folution 
however went on, though very flowly; for 
after the tube had been five days in the fto- 
mach, a little of the mufcular flefh remained, 
and the membrane was almoft entire. 
exix. The fleth of a lizard’s tail is rather 
‘tough, and it was probable, that this cir- 
cumftance had retarded the progrefs of di- 
geftion; it was therefore proper to employ 
fome of alefs firm texture; accordingly part 
of the liver of the fame animal was enclofed 
in the tube, and given to a {nake (/miroldo). 
In this inftance digeftion was more fpeedy; 
for in three days and an half the tube was 
quite empty. 
is But what if inftead of enclofing the flefh . 
in tubes, we fhould introduce it into the fto- 
mach without any covering? It was obvious 
to fuppofe, that it would be fooner digefted, 
-fince the gaftric juice would have freer {cope 
for 
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for its action. And fo in reality it happened. 
A piece of lizard’s tail of the fame fize as in 
a preceding experiment (cxvii1), did not re- 
quire quite two days for its digeftion; anda 
portion of liver, equal to that, before-men- 
tioned (cxvi11), underwent the fame pro- 
cefs in two and thirty hours. Of this I af- 
fured myfelf by opening the ftomachs of the 
two {nakes, one of which had taken part of 
the liver, and the other of the tail. , 
cxx. Wecome now to the water-{nakes 
or the zatrices. Nothing can be more ftriking 
than the refemblance between the {tomach 
and the cefophagus 1 in this, and the foregoing 
fpecies.. Befides the trachea, lungs, heart, 
liver, vena portarum, having nearly the fame 
configuration, and lying on the fame parts 
of the cefophagus ; this cavity is very capa- 
cious and long, confifts in like manner of thin 
‘membranous coats, and ends in a funnel, 
which is the true ftomach of the animal. The 
gall -bladder too is about an inch diftant from 
the lungs, and depofits its contents in the 
duodenum, by means of the cyftic duét. The 
ftomach alfo, as we have obferved in the 
land-{fnake (fmiroldo), is furnithed with a 
great number of follicular glands. 
- exxi. It is eafy to learn the nature of Ay 
food of water-f{nakes, and we ought in con= 
: — fequence 
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fequence to provide it for our experiments: 
Among the antients Oliger Jacobeus, where 
he treats of frogs, and among the moderns 
Valifneri will fatisfy us, that thefe reptiles 
live chiefly upon frogs. Next to man water- 
fnakes may be denominated their greateft 
{courge. They particularly frequent the wa- 
ter of ditches, puddles, ponds, lakes, fuch 
‘in fhort as is frequented by frogs; and here 
they make an eafy prey of them, notwith- 
ftanding they mutually give each other no- 
tice when they perceive the {nake at a dif- 
tance, by a kind of whiftle:or outcy of dif- 
trefs, as I have often obferved, at which all 
fly with the utmoft precipitation: Dante was 
not acquainted with this circumftance. 
Come le rane innanzi l’inimica 
Bifcia per Vacqua fi dileguan tutte, 
Finché alla terra ciafcuna s’abbica (a). 
A fitherman having brought me three very 
large and vigorous water-{nakes, I gave each 
at the fame time.a tube enclofing a different 
part of a frog; one mufcle, the other liver, 
and the third fpleen. The tubes were left 
three days and an half in the ftomach. Upon 
forcing them out, I obferved the fame kind 


(a) Infern. Cant.g. Fol. 161, &c. As frogs {cour along 
the water, at the approach of the water-{nake, without flop- 
ping, till they have gained the dry ground, 

| of 
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of digeftion that I had before feen in frog’ 
(cv, cv): The fleth was beginning to be” 
changed into an adhefive cineritious gluten 3 
the interior parts were unaltered: The tubes 
were now introduced a fecond time into the 
ftomachs, and when they had continued there, 
two days they were found empty; fome of the 
adhefive matter ftuck to the outfides of twa 
of them. 

cxxiI. It is not unknown to naturalifts, 

that this {pecies of {nake has no teeth, and is 
confequently obliged to fwallow its prey 
whole. In fummer I have often taken them 
with whole frogs in the ftomach. It was 
therefore not unreafonable to fuppofe, that 
they are capable of digefting the bones; and 
the lefs fo, as it feems difficult for them to 
be voided backwards, on account of the nar=_ 
rowne{s of the inteftines. It might indeed 
be fufpected, that thefe bones are vomited, — 
as I have found to be the cafe with the tubes, 
both in this and the former {pecies; but this 
is not a conftant and regular evacuation, as_ 
in crows (Lix) and birds of prey, as we fhall 
fee hereafter; but takes place at uncertain in= 
tervals, and fometimes does not happen at alk 
for feveral days. In order however to afcer- 
‘tain the fact, | broke two tibie weighing nine” 
grains each to pieces, enclofed them in the — 

) : tubes, | 


o 
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tubes, and forced them into the ftomachs of 
two water-fnakes. After they had continued 
there two days, they were become foft, and 
had loft thrée grains. In five days more they 
were ftill fofter, and now weighed together 
only five grains. Soon afterwards the two 
fnakes died, and it was not in my power, 
though I wifhed it very much, to profecute 
this curious experiment as far as it would go. 
From the beginning however of the progrefs 
we may fuppofe, that the bones would have 
been totally diffolved, and confequently it is 
highly probable, that water-{nakes digeft ' 
the bones of thofe animals upon \bisnein they 
feed. 
cxxilt. By the activity of the eaitric fluid 
of the water-fnake in digefting not only flefh 
_ but bone, I was induced to try to procurea | 
quantity that I might examine it more parti- 
cularly.. For this purpofe I employed fpunges 
as before (1xxxi, Lxxx11), and my fuccets 
| exceeded my expectations. Six little {fpunges, 
| that had Jain two hours in the ftomachs of 
| three fhakes, enclofed in tubes, afforded me 
| enough to fill a watch-glafs of a moderate 
fize. It had the fallwitis qualities; the co~. 
lour approached that of foot, it had the 
fluidity of water, and evaporated very flowly: 
it has both a falt and bitter a and is not 
inflam-., 
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inflammable. Hence it appears to bear. 

very ftrong refemblance to the gaftric fluid: of y 
the o her’ animals, upon which my experi- — 
ments were made: this refemblance extends i 
likewife to the odour, which is exactly like ‘ 
that of the fame juices in birds of prey, of — 


which I hall {peak particularly in the next 


Differtation. I referve the account of fome 
chemical experiments made upon this fluid, . 
till I fhall have an opportunity of {peaking of 
the examination of the other gaftric juices 
which I have already mentioned, or {hall 
have occafion to mention in the prefent | 
work. Y 
cxxiv. We have before feen the fesdhiba 


_ analogy between the configuration of the fto-. 


mach and cefophagus in land and water- 


_ {nakes. In-vipers thefe cavities have the fame 
general form; nor do they differ with refpect 


to the efficient caufe of digeftion. I repeated © 
upon them moft of the experiments defcribed — 
above: feveral tubes, furnifhed with diffe. © 
rent forts of flefh, were left in their. fto-— 
machs for a {pace more or lefs long, and the 


effect was juft the fame as in water and ae 


fnakes; it would therefore be fuperfluous to — 
defcribe them par ticularly. It will be better — 


to turn the reader’s'attention to fome experi- a 


ments on thefe three {pecies of reptiles dif- { 
‘ | ferently « 


¢ 
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ere: tly modified, but relative to the fame 
fubjec. risa: 
xxv. ‘Having earleritly opened thefe 
animals when newly taken, I have fometimes 
_ obferved, that their ftomachs are not large 
enough to contain the whole prey, and that 
part lies in the efophagus. This part never 
fhewed any mark of concoction, notwith- 
~ ftanding what lay in the cavity of the fto- 
' mach was fometimes half digefted. . Thus, 
for inftance, I have found five or fix large 
beetles in the body of a land-fnake or viper; 
thofe that lay in the {tomach were fcarce dif- 
| tinguithable, while, on: the contrary, thofe 
in the efophagus were entire, or néarly fo. 
I once faw a frog with the lower limbs, 
which projected out of the ftomach, not at 
all damaged, while the reft of the body lay, 
in the ftomach and was half reduced to a 
pulp. Thefe experiments made by the fer- 
_ pents themfelves gave me reafon to fuppofe, 
that what takes place in them is exactly con- 
- trary to what happens in crows and herons, 
for the reader will remember, that in thefe 
. birds the cefophagus is really capable of di- 
eftion (LXXVII, LXXVIII, LXXIX, XCIXx, C); 
but in the animals in queftion it feems to be-_ 
long exclufively. to the ftomach. A very 
dimple experiment was fufficient to afcertain 
sil Vou. I, i the . 
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the point. Into the ftomach ck one of thefe. 


troduced that part fhould He in the cefopha- 
gus. The frog might be faftened toa cylin- 
' der of wood, and thus firmly fixed in the 
fame place. The cylinder fhould touch the 


bottom of the ftomach with its lower extre- 


” 


ferpents a frog, for inftance, might be fo in- 


i 


“a 


mity, and reach fome way above that organ. __ 
I applied this apparatus to a water-fnake, 


and at the end of the fixth day opened it lon- 
_ gitudinally. Upon examination my fufpicion 
that the cefophagus was without efficacy, was 
changed into firm perfuafion. The lower 
eins, the part of the animal that had lain 
in the ftomach, had nothing left but the bare 
bones, whereas the whole body which had 
extended into the cefophagus had fuffered no 
injury. | | | 

cxxvi. The experiments related in the 
exviith and following paragraphs were made 
in April, when the animals had lately quitted 
their fubterraneous lurking places, and {till 
retained fomewhat of that torpor which be- 
numbs them during winter. At this time 


digeftion, as we have feen, is a very flow pro= 


cefs. Are we to prefume, that when they 
become more lively, active, and vigourous, 


wife perform ye more fpeedily? for the 
effect 


as the heat of the feafon increafes, they like- 


; 
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me ef Feét of heat in promoting the operation of 
. the gaftric, fluid: appears from other facts 


(txxxyit). This idea was fuggefted by re- 
perufing the fine memoirs of the illuftrious 
Trembley on polypes, from which the influ- 
ence of the temperature of the atmofphere 
upon the digeftion of thefe wonderful ani- 
mals is evident; infomuch, that the very 


food which in a hot feafon is completely di- 


gefted in twelve hours, when it is cold re- 
quires fometimes two or three days. In or- 
der to determine whether the fame thing 
takes place in my reptiles, I chofe July for a 
term of comparifon, when the difference, if 
any exifted, muft needs be more ftriking, as 
the thermometer in the fhade {tood at 22° and 


23° (a); whereas in April, when the firft ex- 


periments were made, it did not rife above | 
the twelfth or fourteenth deg. (4). And now 
upon repeating the experiments already de- 
fcribed, I found that heat has fome power. 
in accelerating digeftion, but not fo much as 
I had fuppofed. Flefh inclofed in tubes did 
‘not require above two days to he completely 


4 digefted ; and when an equal quantity was in- 


ids; 


(2) Righty-one and an half, and eighty-three and three 


fourths, F. 
(6) Fifty-nine, and fixty-three and an half, F. 


L 2 troduced 
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troduced into the ftomach by ittelt, afiohek 


half that time was fufficient. 

cxxvit. Naturalifts were already aueat 
of the tardinefs of digeftion in ferpents. In 
Bomare we read an account of a ferpent at 
Martinico, which retained a chicken in its 
ftomach for three months, and did not com- 
pletely digeft it, for it fill preferved fome 
traces of its fhape, and the feathers ftill ad- 
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hered to the {kin (a). It is_a circumftance © 


deferving of particular notice, and which I 
fhal] have occafion to apply in another place, 
that flefh does not become fcetid from re- 
maining long. in the ftomachs of thefe cold 


animals, as I have obferved in the courfe of 


my experiments, and efpecially in a viper, 
which having been kept above two months 
in my houfe, could not but be unhealthy; 
this individual retained in its ftomach for fix- 
teen days a lizard, which had been previoufly 


macerated in the gaftric fluid; nor could I 


perceive that it had any odour, except that of 
this juice. And yet fuch was the heat of the 
feafon, that another lizard, about the fame 
fize; which I had placed out of curiofity in 
a clofe veffcl, containing a little water, emit- 


>» 2. a2 


ted an “infupportable ftench before the expi- 


ration of the third day. 
(a) Did. dHift. Nat. 
CXXVIII. 
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Cxxviil. But what can be the caufe of 
this flownefs of - digeftion in ferpents? As 


_they are cold animals, that is to fay, as their 


5 en 
= 


blood very little exceeds the temperature of 
the air, it may feem probable that this phe- 
nomenon might be owing to the want of that 
heat, which is peculiar to animals of warm 
blood. And I fhould not have been unwil- 
ling to admit this cauie, if other animals, with 
blood equally cold, had not enjoyed the pri- 
vilege of digefting their food ina much fhort- 
er period, as we {hall foon fee (cxxxtv). We 
cannot affign a deficiency of gaftric fluid: as 


the reafon, for their - AomheNs abound with 


it (cxxri1). I cannot attribute it to any 
thing but the inefficacy of the fluid itfelf; 
and this is by no means fingular, for we have 
already difcovered a circumftance nearly fimi- 
lar in animals with mufcular ftomachs, in 
which the gaftric juices do not fo foon digeft 


the food, as in animals with intermediate fto-. 


machs (c1it). 
cxxix. Of fithes I fhall firft treat of that 
f{pecies: which bears fo ftrong a refemblance 


to ferpents, and is. even confidered in the 


chain of animated beings, .as the intermediate 


link between fifhes and ferpents, I mean the 

eel. The ftomach in this animal varies from, 

the Seuctare generally obferved by nature ; it 
L 3 iS. 
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is not a canal immediately continued with — 


the duodenum, but a kind of blind gut, of 


confidérable length, ending in a point; after 


- the food has been received into this gut, and — 


been digefted, it muft afcend, and return to 
the upper part of the {ftomach, in order to 
pafs into the duodenum, which forms an 
acute angle with that upper part. The na-. 
tural figure of both may be {een in Blafius’s 
Anatomy of Animals (a). 


Into the ftomachs of four eels I introduced - 


feveral tubes, containing pieces of fith, the 
food moftagreeable to eels. In order to pre- 


ferve them alive, I turned them into a {mall . 


f{tew, whence I could take them at pleafure. 
They were killed at the end of three days and 
eighteen hours ; and the tubes were found at 
the bottom of the ftomach, entirely covered 
with a dark-coloured mucus, which, on at- 
tentive examination, appeared to be the re- 
mains of the fith, that by this time was di- 
gefted. Upon wiping the tubes, and examin- 
ing the infide, five out of eight were empty, 
and the three others contained a bit of flefh 
of the fize of a vetch, but it had loft its 
cohefion. : 
cxxx. This experiment abundantly proves, 
that in this fith digeftion is produced by thes 


(a) Plate u1i. Fig. x. 


gaftric 


A. 
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% gaftric fluid; I therefore proceeded to expe- 
_ riments upon fuch as are more juiftly entitled 
to the appellation of fi/hes. I chofe for this 
purpofe carp, barbels, and pikes, as they were 
the moft eafy to be procured. It has been 
long well known that the alimentary canal in 
many fcaly fithes, is provided with one or 
more blind appendixes, which, becaufe they 
lie in the vicinity of the pylorus, have been 
named pylorict; they are always full of a 
white, mucilaginous, and faltith fluid, which 
is difcharged into the canal, and derives its 
origin from a number of glands lying in the 
appendixes. In fome fpecies they are few, 
in others in confiderable numbers, and in 
others again exceedingly numerous; they 
amount in the {turgeon to an hundred; in 
thofe fpecies, in which they are moft nume- 
rous, the feveral fafciculi meet in a common 
duct; hence, notwithftanding their numbers, 
they difcharge their contents into the pylo- 
rus (2) bya few mouths. In the three {pe+ _ 
cies I have juft mentioned, this fingular ap- 
paratus is not to be found; but the infide of 
the {tomach and inteftines is furnifhed with 
yellow bodies, that probably contribute in 
fome way or other to digeftion, thoygh I have 


(a) Haller, El. Phyf. T. 6, 
Lam. . not 
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not beer able to afcertain their precife ufe.- 


At firft fight they look like anular worms, 


adhering, as in newts, to the internal fur- 


face of the ftomach (crx); but if we lay hold : 


of them with the forceps, the anular form 


vanifhes, and we find that they are real ap- 
pendiculi to the ftomach and_ inteftines: 
When’ ftretched out, they are three lines 


~ Jong; each adheres to the villous coat bya 
footitalk. If we ftretch them till they break, 


a confiderable quantity of yellow liquor if- 
fues out, and the body becomes more fhri- 
velled; and if it. be now removed from the 
place pf its infertion, we find under it a little 
tumour, through which a globule is feen in- 


diftin@ly; and if the tumour be cautioufly 


raifed, appears diftin@ly: it is-of a yellowifh 
white. colour, from the liquor which it con- 
tains,., Are thefe globules clufters of glands, 
and the vermiform bodies elongated ducts for 
conveying the liquor into ne. cavity of the 
{tomach?. I would very willingly have adop- 
ted this.notion, if I had not found that thefe 
fubftances, when compreffed from the lower 


end upwards, never difcharge their contents, 
either from the fummit, or any other part, 


contrary to what happens when we {queeze 
the follicular glands in birds with mufcular, 


intermediate, or membranous ftomachs. On. 


im | this 
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- this account I fufpend my opinion on the fub- 
ject; although I fhould, incline to fuppofe 


that they are of fome ufe in digeftion. 
exxx1. Immediately under the teeth, the 


very beginning of the cfophagus in the carp 


' is moiftened with.a confiderable quantity of a 
_ whitifh turbid liquor, of a vifcid confiftence, 


4%: 


and. infipid tafte, which when, wiped off is 
eeetantly reproduced: and we here find a num- 
» ber of white papille, broad at their bafis, and 
terminating in a point, which, when prefled, 


_ emit the fame kind of fluid. If we makea 


gentle preflure any where near thefe papillae, 


a fluid iffues out, but, as I fhould fuppofe, of 


a different nature, fince it is tranfparent, thin- 
ner than the former, and not at all vifcid. 
With the cefophagus, which is very fhort, 
and of confiderable thicknefs, is continued 
the ftomach, of a membranous ftructure, and 
very thin. It is eafy to diftinguith two coats 
in this organ, the internal and the nervous; 


in the latter are buried thofe globules, which 


left me in doubt whether I ought to confider 
them as clufters of glands (cxxx). In this 
fhort defcription, we. fee fources capable of 


fupplying the ftomach with a large quantity 


of fluid, notwithftanding it wants the py/orz- 


¢al appendixes, 
| CXXXII. 
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cxxx11. The conformation of the ftomach 
in the barbel, does not correfpond either with 
that of the carp, or various other fifhes. The 
cefophagus, ftomach, and inteftines confti- 
tute a fingle gut, nearlyas in earth-worms, | 
and a variety of infects; this gut is only a ~ 
little dilated at the ftomach, and contracted 
at the commencement of the inteftines. [I © 
could not difcover within this canal any vef- 
tige of glands or analogous bodies. How- ~ 
ever, both the cefophagus and ftomach are 
continually moiftened with a fluid in great 
abundance; which when we prefs or dilate | 
either of thefe cavities, is feen to tranfude 
from the internal furface; and fince, accord- 
ing to every appearance, it does not arife from 
glands, we muft fuppofe that it comes from. 
the open extremities of {mall arteries which 
terminate here. | 
cxxx11t. The ftomach of the pike has the 
fhape of a bag or fack, of much greater length 
than breadth; it is full of longitudinal ruge, * 
of a light flefh colour, and compofed of coats 
io thin, as to be femi-tran{parent. ‘The ruge 
extend upwards into the cefophagus, which 
is eafily diftinguithed from the ftomach by its 
white colour, and greater thicknefs. There 
is no appearance of glands either in the one 
or 
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or the other, though both, and efpecially the 
ftomach, abound with liquor. _ 
exxxiv. As fithes are fubje&t to vomiting, 
the tubes which I had introduced into the fto- 
machs of my carps, barbels, and pikes, were - 
erent returned; and I was often cha- 
ined at finding them, after a few hours con- 
-tinuance in the body, at the bottom of the 
vefiel ufed for keeping them alive. How- 
ever, from frequently repeating my experi- 
ments, though fo many tubes were ejected 
prematurely, a few remained feveral hours 
in the ftomach; and thefe were fufficient to 
fatisfy my wifhes. In the prefent cafe, the 
fame thing happened which I had fo often 
obferved i in other animals; the flefh was di- 
gefted within the tubes, and that in a much 
thorter {pace than in ferpents (CxxvI, CxxvIt). 
This obfervation was verified on the barbels, 
carp, and pike; the two latter {pecies exhi- 
bited a phenomenon, too clofely connected 
with the prefent fubject to be omitted. Hap- 
pening one day to opena pike, I found with- 
in it alittle fith, about three inches in length, 
lying longitudinally along the ftomach, fo 
that the whole head eearied the cfophagus. 
T had here a clear view of the origin and pro- 
grefs of digeftion. The jaws of the {mall 
fith retained their natural colour, and appeared 
| unal- 
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unaltered. The eye was : beginning to quit 
the orbit, and the gills had loft their purple. 


hue, and were become very foft. In the fto- 


mach the marks of digeftion were more evi- 
dent. The flefh of the body was more and 
more tender as I proceeded downwards ; and” 
towards the bottom it had degenerated into a. 
foft and: thapelefs mafs.. ‘The extremity of © 
the tail, which had lain at the bottom of the 
ftomach, was entirely confumed, and with ! 
it the vertebre of the {pine, and the adjacenty 
bones. 
cxxxv. I met with another fimilar circum _ 
ftance in a little carp. It had fwallowed a 
finall lamprey, which was ftretched out at 
full length, and occupied the whole ftomach, — 
and at leaft two’ thirds of the cfophagus. 
The part that lay at the bottom of the fto-_ 
mach was changed into a kind of porwr { 
in which there was no appearance of any thing 
organized, except fome of the dorfal verte-~ 


bre. ‘The parts that lay higher {till cohe-— 


ree 


x 


red, but they came away from the animal on” 


being touched. The others, which occu-" 
pied the cefophagus, fhewed likewife marks” 
of an incipient concoction. ie 
Nothing can be more inftructive than thefe ~ 

two facts combined. They thew, in the firtt 
place, that the bottom of the ftomach digefts © 
more _ 
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more "quickly than the parts fituated above, 
as we have feen in other animals (xc): fe- 
-condly, that the cefophagus, as well as the 
ftomach, is in fome meafure capable of con- 
coction, a circumstance that has been alr eady 
noticed with pion to crows and herons 
(uxxvit, XCIX, Cc, C1); and which phyfiolo- 
gifts have obferved before me in other fithes. 
Laftly, that digeftion in the cefophagus is 
flower at its beginning, and ‘in its pr rogrefs ; 
two things that have been remarked in the. 
birds juft mentioned. | 

_ With refpect to the triturating power of 
the ftomach in thefe three fpecies of fithes, 
not to mention that digeftion has been ob-_ 
tained in the tubes without its concurrence, 
Iam of opinion that it has no exiftence; this 
I infer, from no effe& being produced by it 
upon the tubes, upon dai I have never 
perceived the fmalleft bruife, contufion, or 
injury, in my experiments on fifhes, any more 
than on frogs, newts, and {ferpents, though 
‘they were fo thin, that the flighteft force 
would have been more than fufficient to dif 
tortor bruife them. 

cxxxvi. From cold an patel Jet us proceed 

to fome experiments on the ftomachs of warm 
animals, fuch as fheep, oxen and horfes. 
| Reau- 


159. Dh. sige eats (oo 

Reaumur, in his fecond and laft Memoir (a) 
concerning digeftidn, after relating at length 
his obfervations on a kite, flightly touches on 


fome experiments upon dogs and fheep. I 


will here quote the refults of his experiments 


on the latter fpecies, referving thofe on the — 
two others for another place. Defirous of — 
feeing whether digeftion in fheep is the effect — 
of the gaftric fluid, he forced down the throat » 


of one of thefe animals four tin tubes, two 


of which were full of freth blades of grafs, 


and the two others of chopped hay. Four- 
teen hours afterwards the fheep was killed 
- and opened, when the four tubes were found — 


in the firft ftomach, with their contents; and ” 


the grafs and hay were not in the fmalleft de- 

_ gree digefted, and but little foftened. 

- Sufpeéting that they would undergo fur-— 
ther alteration, and be even digefted by a 


longer continuance in the ftomach, Reaumur ~ 


caufed eight other tubes to be prepared in the 
fame manner, i.e. four to be filled with frefh — 
grafs, andthe remaining four with hay. The 


grafs before it was put into two of thefe tubes, ~ 


and the hay before it was put into two others, - 


were moiftened with human faliva. All the 


eight were forced down the throat of a fheep, 
which was killed thirty hours afterwards; 


(2) Hift. de l’Acad. Roy. An. 1752. . = 
during” 
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during this interval, the animal had been kept 
‘ftridtly fafting; this precaution had alfo been - 
obferved with refpect to the former fheep, that 
had not retained the tubes fo long. In the 
courfe of the thirty hours, the greater part 
of the tubes were voided at the anus, but a 
few remained in the firft ftomach. 
_ But neither had the grafs or hay undergone 
the {malleft degree of digeftion; they pre- 
ferved their original form and dimentions ; and 
when they were pulled at the two oppofite 
extremities, refifted efforts to break them 
with the fame force that fimilar pieces of 
grafs or hay, that had been a little macerated, 
would have done. Hence it is inferred by 
this illuftrious naturalift, that digeftion can- 
not be effected in the ftomachs of fheep by a 
folvent, unlefs that folvent be aided by tritu- 
ration: he was however ingenuous enough to 
confefs, that thefe two experiments are of 
themfelves very far from throwing fuch light 
upon the prefent fubject as he could have 
withed. . | 
exxxvil. The firft thing I undertook 
with refpect to fheep, was to repeat exactly 
Reaumur’s experiments. Thinking the tubes 
_Thad hitherto employed too fmall, [had fome 
‘made eight lines in length, and four in dia- 
“meter. But I could not at firft introduce 
‘ them 
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them into the ftomach. After I had put 3 
them into the throat with my hand, though 
I pufhed them as far as my fingers would 
reach, they were always detuned: I was- 
unacquainted with Reaumur’s method, for 
he does not give the leaft information about 
it. At laft an expedient occurred; it con-~ 
fifted in putting the tubes, provided with their :. 
contents, into a hollow cane, and intro-— 
ducing this cane into the cefophagus ; I could | 
now puth them forwards with a rod, till 
they dropped out at the lower end of the cane 
into the cefophagus; and as the part of the 
_cefophagus into which the tubes were now 
introduced, lay at a great diftance from the * 
mouth, the animal, in {pite of all the efforts ~ 
he made to return them, was obliged to re-_ 
ceive them into the ftomach: to the fame con= © 
trivance I had recourfe likewife for oxen and 
horfes. Six tubes were given to a fheep; in_ 
twenty-feven hours it was killed and opened ; 
it had eaten nothing:during all the time it © 
‘retained the tubes; and this precaution was 
ftrictly obferved upon every fheep upon which ~ 
experiments were. made. Notwithftanding ~ 
fo long a faft, the firft ftomach contained a © 
large quantity of grafs, fomewhat triturated ; 
and though it had fed upon this before thei 
age periment, it was not yet digefted. In the : 
i midft 
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amidft of this grafs, that was thoroughly im- 


bibed with a greenifh fluid, with which great 
part of the ftomach was filled, lay five of the 
tubes; the fixth had paffed to the fecond fto- 


mach, which may be confidered as an appen- 


dix to the firft. The herbs which I enclofed 
in the tubes, after impregnating with my fa- 
liva, were beet, trefoiland lettuce; for three 
tubes I had ufed them green, and for the reft 
dry. Upon opening all the fix, I could not 
perceive that either the frefh or the dried 
plants had futfered any diminution, or under- 
gone any degree of real concoction; they had 


e only become a little tenderer, and the freth 


herbs had loft their green colour; in fhort, 
the refult of this experiment was exactly like 
that of Reaumur’s. 

exxxvill: I fhould then have fuppofed, 
that in thefe animals digeftion depends on the 
triturating power of the ftomach, if it had 
not occurred, that, as the herbs enclofed in 
the tubes had not paffed further than the firft 


~ftomach, they might not ‘perhaps have felt 


a ceil 


the influence of that kind of gaftric fluid, 
which is requifite for the conco¢tion of the 
food: for itis very poffible that this fluid may 
tefide in fome of the other ftomachs, and 
efpecially in the fourth, in which the ali- — 
ments of aninvals with four ftomachs, fuch 

Vor. I. M as 
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as fheep, are always found in the ftate of 4 
very foft pafte. Reaumur indeed did not 
perceive any fign of digeftion even in the 
tubes that had been vended at the anus, and 
confequently muft have pafled through the 
other ftomachs. But this obfervation refted 
upon a fingle experiment; and to illuftrate 
(till further a matter of fuch importance, it 
could not but be proper to repeatit. I there- 
fore treated another fheep in the fame man- 
ner, and allowed it to live thirty-feven hours 
afterwards, that the tubes might have time to 
pafs beyond the firft ftomachs. They didin | 
fact pafs beyond them; and I found all fix | 
in the fourth, which anfwered the end I had 
in view; the three fpecies of plants however, 
mentioned above (cxxxvi1), both the green 
and the dry, were entire, and feemed only a 

little foftened by maceration. 
cxxxix. I was now about to declare in fi 
vour of the neceflity of trituration in this anj-. 
mal, when a doubt occurred. Neither Reau- 
mur nor myfelf had adverted to acircumftance, 
-which ever precedes digeftion, both in fheep, 
and every other quadruped endowed with four 
{tomachs, as goats, oxen, deer, &c. I mean 
rumination. We are taught, both by. dif- 
fection and daily experience, that the food, 
when it has arrived at the fecond ftomach, 
does 


<* 
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does not immediately proceed to the third, 
and thence to the fourth, but, on the con- 
trary, returns, and re-afeends up the cefo- 
phagus; and when it has reached the cavity 
of the mouth, is mafticated and ground over 
again, and impregnated with a large quantity 
of faliva; this procefs is repeated, till it be- 
comes fit to be digefted. I therefore enter= 
tained many doubts whether the phenomena 
 obferved by Reaumiir and myfelf, were not 
_ rather owing to the want of rumination than 
‘of trituration. Wherefore, in order to dex 
cide with certainty concerning digeftion in 
fheep, I perceived it would be necteflary to 
repeat the experiments with plants previoufly 
triturated: And I did not conceive that this 
trituration was any thing fo peculiar in rumi- 
nating animals, that it could not be fupplied 
by man; provided he mafticated the herbs 
well, and impregnated them thoroughly with 
faliva: I therefore performed this eafy ope- 
-Yation; the ufual tubes were employed; in 
three of them pieces of the green plants were 

enclofed,; and in three others of the dried: 

but both had been well mafticated: the lines 

and nerves that traverfe the leaves, were how= 
ever eafily diftinguifhable. Left, when thus 

broken down and divided, they fhould pafs 

out at the lateral pores, or through the mefhes 
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of the lattice-work; I thought it wuts ie 
proper to enclofe each tube in a-linen bag; 
{uppofing that in the prefent cafe that it would 
not be broken, fince that mufcular action, 
which is {0 confiderable in gallinaceous fowls, 
does not exift in the animals in queftion. I 
gave the fix tubes to a ram, together with 
fix others, filled with the fame plants, but 
not previoufly mafticated, that I might be 
able to form a comparifon. Fourteen hours — 
after the animal had taken them, he vomited 
three at once; and in thirty-three hours five 
more were voided at the anus; at the end of 
two days he was killed. Of the four remain- 
ing tubes, two were found in the ftomach, 
and the other two at the end of the duode- 
num; the bag in which they were enclofed 
was entire. The tubes that had béen vomited 
had received more or lefs injury; the contents 
of two had not been mafticated, nor had 
they undergone the {malleft alteration. The 
contents ae the third had been matticated, 
and were evidently wafted; for they now oc- 
cupied little more than half the tube, whereas 
at firft, they had entirely filled it; they had 
acquired a fubacid tafte. Many ie the pieces 
having loft their natural firmnefs, broke when 
I attempted to ftretch them; the nerves only 
made fome refiftance. 


In 
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In two of the tubes voided at the anus, the 
pieces of plant had not been mafticated; thefe 
did not feem at all diminifhed, nor was the 
cohefion of the parts deftroyed; on the con- 
trary, the plants in the other three (which had 
been mafticated) were reduced almoft to no- 
thing; the ‘fmall remains confifted of. bare 
nerves, with a little of the leaf attached; and 
both the one and the other were fo much 
foftened, that the flighteft force was fufficient 
to break them. The bag in which they were 
enclofed was dyed green, particularly in its 
infide; when twifted and preffed between. the 
fingers, it yielded a livid yellow juice, of an 
acid tafte. This was far from being the cafe 
in the bags which contained the two tubes, of 
which the contents had not been chewed; 
their infide had fcarce a fhade of green; and 
this fhade was {till lefs perceptible in the juice 
exprefied from them. With refpeé to the 
tubes found in the laft fiomach, and at the 
end of the duodenum, the contents of the 
former had acquired a deep green colour, were 
a little macerated, but had not loft much of 
their natural firmnefs, and did not appear to 
be diminifhed in bulk. ‘hey had not been 
matticated, but thofe of the two others had; 
-and of them there remained only fome of the 
largeft nerves, which were themfelves very 
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tender, and half decompofed. I have al- 
ready obferved, that the tubes voided at the 
mouth were more or lefs bruifed; but all the 
reft were quite free from injury. 

cx. ‘The reader is already aware of ds 


immediate confequences of thefe experiments, | 


In the firft place it appears, that the gaftric 
fluid of fheep has no effect in digefting plants, 
unlefs they have’ been previoufly mafticated ; 

otherwife it can only produce a flight mace- 
ration, nearly as common water would do in 


a degree of heat fomewhat exceeding the me- | 


dium temperature of the atmofphere. Se- 
condly, this fluid is abundantly capable of di- 
gefting plants, provided they are previoutly 
reduced to pieces by maftication; its firft ef- 


fect is to foften them, and deftroy their na- ~ 


tural confiftency; it then proceeds to diffolve 
them, not even {paring the tougheft parts, 
fuch as the nerves of the leaves; of this folu- 
tion we have a clear proof in the green colour 
that appears on the linen enclofing the tubes, 


and in the juice expreffed from it (2). Thirdly, 


! 


the triturating power of the ftomach does not — 


at 


(a) During my agreeable refidence at Geneva in the fammer 


of 1779, I had what I had long wifhed for, the fatisfaction of 


being perfonally acquainted with my illuftrious friend Mr. Bon- 
net, and of enjoying much of his converfation. 1 had alfo an 
Bastia ! oppor 
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at all contribute to digeftion in fheep, but this 

procefs is entirely seactcd by the gaftric j juices. 

Fourthly, no fuch power exifts in fheep, as 

_we fee from the tubes that were voided at the 
anus and found in the ftomach having fuftained 

no injury, notwithftanding preffure alone be- 

tween 


opportunity of taking his opinion on fome productions, which 
I defigned to publith, and particularly the prefent work con- 
cerning digeftion. ‘Three other reputable philofophers and 
excellent judges of the fubjeé&t were prefent at the reading, Mr. 
Abraham Trembley, Mr. Johannes his worthy nephew, and 
Mr. Senebier, Librarian of the Republic of Geneva; and it 
did not appear tome, that my labours were difapproved by this 
refpectable aflembly, Mr, Bonnet gave me a book to perule 
on the fame fubje&t, which, as it was new to me, made us ap- 
prehenfive, left the author fhould have anticipated me; it was 
intituled, ** Effai fur la Digeftion, & furles principales Caufes 
de la Vigueur & de la Durée de la Vie. Par Mr, Batigne, 
M.D. Berlin, 1768, 1zmo.’? But I was foon aware, that 
Mr. Batigne and myfelf had purfued very different paths ; ; in 
his book he does not enter into any experimental enquiry con- 
cerning digeftion, but confines himfelf to refleCtions, which, 
although they are very pertinent and fenfible, are calculated 
rather to excite than fatisfy the reader’s curiofity. Hence I 
fhould not have mentioned it, but for fome objections ftarted 
againft Reaumur’s Memoirs on Digeftion. Thefe I fhall touch 
upon in a few fhort notes, at fuch places of the text as they 
feem moft connected with. And here it is proper to mention 
one objection relative to the dige/tion of ruminating animals, 
which, before I was acquainted with Mr, Batigne’s book; | 
had myfelf urged againft Reaumur, and which experiment 
proves to be perfectly juft, It confifts in fhewing, that the 
French naturalift had omitted the maftication of the plants en- 
clofed in the tubes before he introduced them into the ftomachs 
af nt: which was the reafon why they were not digefted. 
M 4 Nearly — 
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tween the fingers is fufficient to flatten them, 
The contulion of the tubes that were vo- 
mited is no proof of the contrary, fince it is 
evident, that this contufion was produced by 
the teeth of the animal during rumination. 
Laftly, thefe vegetables acquire a flight aci- 
dity during folution, but of this we thall have 
another opportunity of {peaking hereafter (a). 
exi1. This quadruped feeds not only upon 
grafs, but upon corn alfo whenever it meets 
with it; it is likewife very fond of bread. 
In sudée therefore to confirm ftill farther 
what has been advanced, I thought it would 
be proper to make an experiment upon fome 
kind of grain, I {elected wheat for this pur- 
pote ; and as wheat may be procured under the 
various forms of feed, flour, and bread, J 
chofe to. make trial of all three, Six tubes 
were filled, three with thofe fubftances with- 
gut any other preparation, and three others 
with the fame after they had been well maf. 


Nearly the fame objeétion is urged by. the learned phyfician in 
thefe terms; ‘* ‘The experiments (of Mr. de Reaumur) upon 
ruminating animals are {till lefs conclufive; the grafs contained 
in the tubes could be only macerated, fince it was neither 
chewed nor broken down a fecond time by rumination,” (L. c. 
Troifieme Reflexion fur les Experiences de Mr. de Reaumur). 
It was a piece of juitice due to Mr. Batigne not to overlook 
- this paffage. 

(2) In the laft differtation, 


ticated, 
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ticated. The tubes were enclofed in linen 
bags as before, and given toa lamb fix months 
old. It was killed thirty hours afterwards; 
none of the tubes were either vomited or 
voided at the anus; they were found partly 
in the third and partly in the fourth ftomachs. 
‘The refult of this experiment coincided with 
that related above (cxL). The grain, flour, 
and bread, that had not been matticated, were 
indeed penetrated thoroughly by the gaftric 
fluid, but not at all diffolved. On the con- 
trary, the corn which I had firft bruifed with 
a peftle and then ground between my teeth 
and reduced to a coarfe pafte, was in great 
meafure confumed; nothing remained in the 
tubes but fragments of the bran, with fome 
{mall remains of farinaceous matter adhering. 
The like had happened to the flour and bread, 
what remained confifted of a mucilaginous 
ma{s, without any appearance of what it had 
originally been. This matter had a flight 
degree of acidity, a quality which was far 
more evident in the bread, flour, and grain 
_ that were not diffolved by the gaftric fluid for 

_ want of previous maceration. 
cxLit. The vaft quantity of gaftric fluid 
with which ruminating animals are continu- 
ally fupplied, was already known to phyfio- 
logifts, and particularly to the great Haller. 
After 
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After a faft of two whole days, I haye found 
thirty-feven ounces in the two firft ftomachs 
of a fheep. It was green, but I know-not 
whether this colour is natural to it, as the 
yellow hue is to that of crows (Lxxx1); or 
rather whether it is adventitious, and de- 
tives its origin from the plants on which 
thefe animals feed, of which, notwithftand-_ 
ing fo long a faft, there were {till fome re- 
mains in the two ftomachs. The great quan~ 
tity of juice I had colleéted induced me to 
try whether, like that of feveral other ani- 
mals, it was capable of digefting food out of 
the body, Itherefore enclofed feveral pieces 
of leaves of lettuce in two fhort glafs tubes 
(which I had previoutly filled with the juice), 
and fealed them with wax at each end. The 
contents of one tube, as before, were matti- 
cated, while thofe of the other were left un= 
touched, It was proper on the prefent occa 
fon to employ a term of comparifon, by re- 
peating the fame experiment upon two other 
tubes filled with water, That thefe four tubes 
might be expofed to a degree of heat nearly 
equal to the temperature of fheep, I fixed 
them under my axille, two under each axilla, 
where they continued forty-five hours. The 
leaves immerfed in the gaftric fluid, which 
had been _previoufly macerated, had under- 
gone 


; 
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one no inconfiderable change,  Befides the 
lofs of their bright green colour, they were 
converted into a kind of glue, in which it was 


juit poffible to find, with the point of a pen- 


knife, a few nerves, which were the only re- 
mains of the organization of the plant. This 


was far from betas the cafe with the leaves 


that had not been matfticated; for all the 


pieces were diftinguifhable, atid the only dif- 


ference was, that they did not make fo much 


_refiftance as at firft, The leaves immerfed in 
water, both thofe which had been chewed, 
and thofe which had not, had-not loft either ' 


od 


their colour or confiftence. From this com- 
parifon it appears, that the gaftric fluid does 
not act on the plant asa mere aqueous fluid, 
but as a real folvent, nearly as it acts in the 


‘ftomach itfelf. Nor was the heat to which 


it was expofed under my axille a condition 
without its part in the production of this in- 
cipient digeftion; for in pieces of the fame 


leaves of lettuce mafticated in the fame man- 


ner, but kept in my apartment, of which 
the temperature was about fixteen (a) deg. 
there appeared only a {uperficial maceration, 
notwithftanding they remained immerfed in 


the fame gaftric fluid for the fame {pace of 


time. 


(a) Sixty-fix, Fahren, ee 
ae exiit. I 
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cxttir. I clofed my enquiries’ concerning 
the digeftion of ruminating animals by fome 
experiments on oxen. In thefe the fame tubes 
and plants were employed as before, and, the 
refults perfectly coincided with thofe obtained 
from fheep ; only in the prefent inftance, Na- 
ture was more {peedy in her operation. In 
lefs than twenty-four hours the tubes, which 
had been given to two oxen, were voided along 
with the extrements not in the leaft contu- 
fed or injured. When taken out of the linen : 
bags and examined, they were found to con- 
tain little more than the bare ribs and nerves. 
of the leaves of beet, lettuce, and trefoil. 
(which leaves had been previoufly mafticated), 
The nerves were alfo in fome degree macera- 
ted, and the flighteft force was fufficient to 
break them. On the contrary, pieces of the © 
fame plants. that had not been jubjected to 
maceration were indeed flightly eoncoéted, and _ 
their colour was a little faded, but they were 
entire. When applied to the tongue, they — 
tafted fubacid, like thofe which had been in 
the ftomachs of fheep (cxxx1x, exit). | 

The horfe does not chew the cud, but he 
refembles the ox in the membranous ftruc- 
ture of his ftomach, and the food upan which 
he lives. I was therefore defirous of feeing 
what changes mafticated plants would under- 
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go by continuing a certain time in the ftomach 
of this quadruped alfo, enclofed as ufual in 
tubes. Here too they were digefted, as I 
learned from fome lettuce and trefoil enclofed 
in two tubes, which were voided in fifty-two 
“hours. | 
extiv. When I refleé& upon the various ani- 
mals to which my enquiries concerning digef- 
tion have been hitherto extended, I perceive, 
that the ruminating fpecies very nearly refem- 
ble birds endowed with mufcular ftomachs, 
with refpect to the action of the gaftric fluid. 
In both, that fluid requires an agent capable 
of breaking down and triturating the food, 
"before it can diffolve and digeft it. From the 
mouth of granivorous birds, where it under- 
goes no realalteration, the aliment pafies im- — 
mediately into the craw, where it is foftened 
“and macerated; from this receptacle it de- 
fcends into the ftomach: the triturating power 
‘of this organ performs the office of teeth, and 
breaks, grinds, and, if I may fo fpeak, pul- 
verizes it, and thus renders it fit to be diffolved 
by the gaftric fluid, and converted intochyme. 
Nature employs a fimilar contrivance jn ru- 
minating animals. The hay and grafs defcend 
immediately into the firft and fecond ftomachs, 
in nearly the fame ftate as when they were 
browsed. Heresthey are foftened by the great 
quantity 
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quantity of gaftric juices, as feeds in the craw 
of birds with gizzards. But as the ftomachs 
of ruminating quadrupeds have no fenfible tri- 
turating power (CXXXIX, CXL} CxLirt)j and 
the food requires trituration, nature has wile= 
ly provided for this by caufing it to afcend, in 

confequence of a gentle ftimulus to vomit, | 
into the cavity of the mouth, where, by means 
of fumination, it receives the necefiary pre- 
difpofition to be digefted by the gaftric fluid, 
as happens to the food in the ftomachs of gra- 
“hivorous fowls, after they have been ag | 
triturated by the gaftric mufcles. 
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THE SUBJECT OF DIGESTION IN ANIMALS 
WITH MEMBRANOUS STOMACHS CON- 
TINUED. THE LITTLE OWL. THE 
‘“SCREECH OWL. THE FALCON. THE 
EAGLE. | 


CXLV. RE AUMUR having treated in 
‘ig his firft memoir of the mode of 
digeftion in granivorous and herbivorous fowls 
vi hich aré provided with gizzards, proceeds 
‘in his fecond to enquire into the nature of that 
function in carnivorous birds, of which the 
ftomach is membranous. From the faéts_re- 
Jated in the firft memoir he concludes, that 
there does not exift in the gizzard any folvent 
capable of feparating the particles of the food. 
This feparation, he thinks, is effected by a 
Oy refembling that exerted by mill-ftones, 
viz. 


i 
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viz. the action of ftomachs of this contruction 
upon their contents. He is moreover of. 
opinion, that the facts adduced in the fecond 
memoir prove the exiftence of a menftruum in 
membranous ftomachs, capable of diffolving 
and digefting the aliment without borrowing 
any aid from the action of the folid parts. 
As the great object of the firft differtation 
was to enquire by experiment into the. mode 
‘of digeftion in fowls with mufcular ftomachs, 
I had there an opportunity of tohiiactih’ 
~ fully Reaumur’s experiments on that fubject ; 
and we have accordingly feen, that the con- 
fequences he has deduced from them are by 
no means to be admitted i in their full extent. 
This is plain from the xxxIx, XL, XLI, XLII, 
XL1ii1, xLvth paragraphs, to which, for the 
fake of avoiding ufelefs repetitions, I refer thé- 
reader. The melt differtation, in which — 
the fubject of digeftion in membranous fto~ 
machs is dnainiuea: is the proper place for 
confidering the experiments related in the fe= 
cond memoir. As of all fowls birds of prey 
approach neareft to man in the {truCture of the 
ftomach, he chofe one of thofe large kites that. 
are common in France, for the Gib jetth of his’ 
enquiries. The periodical vomiting, common 
to all birds of prey, allowed the French na- 
turalift-to make a variety of experiments on 


the 
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the fame individual. He employed tin tubes 
filled with different fubftances,  efpecially 


flefh, which, after having been fome time 
in the ftomach, were thrown up, and gave 


him an opportunity of examining the effects 
produced upon the contents. That the flefh 


was more or lefs digefted according to the 
length of its continuance in the body of the 


animal, was the general and invariable refult 


obferved by Reaumur (2). Hence he juftly 
infers, that in this cafe digeftion 1s produced 
by the gaftric fluid, without the concurrence 
of any triturating power. He mentions fome 


(2) Mr. Batigne thinks, that flefh enclofed in tubes was in- 
fufficient to convey a precife idea of the alteration: it undergoes 
in the ftomach, as it is only macerated in tubes, and not di- 


_gefted. ‘* On voit de plus que la viande mife dans les tubes 


ne peut donner une idée precife des changements qu’elle fubit 
dans l’eftomac de l’animal, puis qu’elle n’y eft que macerée & 
non point digerée.””, (L.c. premiere Reflection fur les experiences 
de M. de Reaumur.) The author muft allow me to obferve, 
that in this attack he mifreprefents Reaumur, who, p. 465, 


‘&c. of the Mem. of the Roy. Acad. exprefsly fays, that the fleth 
given to the kite was not merely macerated or foftened, but 


completely digeited, and at laft-entirely confumed. He might 


indeed have objected to the {mall number of his experiments, as 
infufficient to afcertain the efficient caufe of digeition, if that 
philofopher, whofe ingenuoufnefs was equal to his ‘{kill, had 
not perceived and publicly owned it himfelf. That tubes, pro- 
vided the experiments are properly made and varied, are well 
adapted to fhew the change produced upon food in the ftomach, 
will be abundantly proved by the faéts adduced in this treatife. 
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other experiments, which I fhall have occa- 
fion to confider below, and concludes from. 
analogy, that digeftion in other birds with 
membranous ftomachs is produced in the | 
fame manner. He laments, however, that 
from the death of his kite, and his negle@- 
ing to fubftitute other animals in its ftead, 
he could not adduce facts fufficiently nume- 
rous to illuftrate the fubje& fully. He pro- 
mifes to fupply the deficiency on fome future 
eccafion, but his death, by which a few years - 
afterwards natural philofophy loft one of its 
great ornaments, prevented him from fulfill- 
* ing his promifes. 

cxLvr. I do not prefume that I fhall be 
able to accomplifh, what neither this illuftri- 
. ous naturalift, nor any other, as far as I know, 
has effected. » But fimply with the view of — 
continuing my obfervations and reflections on 
digeftion in fowls with membranous ftomachs, © 
I fhalk relate fome experiments on different 
birds of prey, of which fome feek it by night, 
and others by day. Among the former, I 
have ufed fuch as I could moft eafily procure, 
the little owl and the fcreech-ow].. The food 
which I gave the firft-mentioned fpecies (a), 


(2) This fpecies is called by Buffon petite ch-uette, Hift. Nate 
des Ovfeaux, T’, 2, Ed. in 8vo. and by Linnzus Prix paferina, 
i.e. 


are 


and. 
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’ and which it eagerly devoured, ‘has enabled 
me to folve, among other.problems, one that 
-exercifed the fagacity of M. de Reaumur. 
Finding that the gaftric fluid of the kite di- 
gefted flefh, he wifhed to know whether it 
would alfo digeft vegetables; a circum{tance © 
he did not think probable, when he confidered - 
the repugnance carnivorous birds fhew: for 
them; and fo in fact it happened. When 
beans, peafe, wheat, inclofed in tubes, had 
lain fome time in the ftomach, they were 
thrown up juft in the fame ftate as they had 
been fwallowed: nor did boiling difpofe them 
to be diffolved any better by thé gaftric fluid. 

Some f{parrows, which I gave my owls, af- 
forded me an opportunity of obferving the 
fame phenomenon. As they fwallowed them 
whole, they of courfe would receive into the 
ftomach feathers and food not yet digefted by 
the fparrows, and confifting of grain or bread. 

_ Now, after the flefh has been digefted, the 
3 fed dicts are vomited generally in the form of 
- ahard ball; and along with the feathers the 
grain, which, though it is much foftened by 
maceration, yet continues whole. And if 
the matted feathers be difentangled, we may 
generally perceive evident traces of bread. 
Hence we have a clear proof that the gaftric 
fluid produces no change on fuch vegetables. 

N 2 CxLVLE: 
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cxivi1. This fact, fimple as it is, fhews 
two things, of fome importance: firft, that - 
the ftomach of this bird is really membranous, 
and without any power of trituration: this 
‘appears from the grains (cxivi) continuing | 
whole, though they had been foaked till they 
were become fo tender, as to burft on being 
gently fqueezed between the fingers. I would . 
not however affirm that the ftomach has no 
action at all; for the globular mats of feathers 
can only be produced by this vifcus contracting 
as the fleth is digefted. 

‘The digeftion of the bones alfo deferves 

attention. It cannot be faid that they are © 
voided along with the excrements; for I muft ° 
foon have been aware of this, as I kept my 
owls in cages; nor, for the fame reafon, could 
it have efcaped my notice if they had been vo- 
mited. I have indeed fometimes found two 
or three little bones, as ‘a dorfal vertebra, or 
a piece of the cranium, among the matted 
feathers, but never any thing like the whole 
fkeleton. We mutt therefore conclude that — 
they are digefted. 

CXLviiI. Reaumur’s kite was capable of 
digefting bone, though of the hardeft tex- 
ture, and enclofed in tubes (¢). Though © 
the experiment juft related is fufficiently de- 

(a) Mem. cit. 3 
cifive, 
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- cifive, yet, as the bones were loofe in the fto- 
mach, in order to be abfolutely certain that 
the effect was produced by the gaftric fluid 
alone, it was proper to repeat it with a tube; 
with this view a piece of the thigh of a pi- 
geon was put into one of the fame tubes that 
{ ufed before: thus two experiments, one on 
the digeftion of flefh, and another on that of 
bone, were made at once. By long pra¢tice 
upon birds of prey, I learned how to keep | 
the tubes in the ftomach as long as I pleafed. 
When I had given one of my tubes to an 
owl, after it had been full fed, I found it was 
not thrown up till all the food was digefted. 
This obfervation is applicable to all other 
birds of prey. The fame thing alfo happened 
when they were fed {paringly. All the dif- 
ference was, that as the full ftomach requires 
more time to be emptied, the tubes were re- 
tained longer, and vice verfa, when they 
were fafting, the tubes were fure to be re- 
turned in two or three hours. This obfer- 
vation, together with the knowledge I had 
acquired from experience, of the time thefe 
birds take to digeft a given quantity of food, 
enabled me to guefs pretty exactly how long 
the tubes would continue in the ftomach. 
I return now to the tube in which part of 
a pigeon’s thigh had been put. After feven- 
| | N 3 teen 
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teen hours continuance in the ftomach, the 
bone was no where changed except at the 
broken ends, which were a little foftened. 
The fleth, by which it was covered, as well 
as the integuments, had begun to be dif- 
folved, for the furface was become exceed- 
ingly tender. In fourteen hours more greater 
effects were produced. The flefh was con- 
fiderably wafted ; the bone was fhortened at 
the ends, and was fo foft, as to yield to the 
preffure of the finger. In twenty-feven hours 
more, there was no remains of flefh or pe- 
riofteum, and the bone was a good deal 
fhorter than at firft. I could not but be de- 


-firous of feecing the end of the experiment, 


and therefore replaced the bare bone in the 
tube.: When it had remained twenty-one > 
hours in the ftomach, it had loft the marrow, 
and the internal cavity was enlarged, though 
the girt was leflened. This arofe from the 
corrofion of the internal and external furfaces 
at the fame time. Both furfaces were covered 
with a yellow fluid, that had at once a bitter 
and falt tafte; and points of gelatinous matter 
were. dovetea over them. ‘The bone, thus 
half diffolved, was put again into the tube, 
and left thirty-two ieee longer in the fto- 
mach, If the reader will conceive a cylinder 


ei thin i uneven at the ends, and per- 


forated | 
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E forated with feveral holes, he will have an 


~ 


idea of the ftate of the bone when it was ta- 
ken outofthetube. It was covered with the 
fame fluid, which mutt have been the gaftric 
liquor; and the gelatinous points now alfo 
were difperfed over the furface of the leaf; 
this jelly was the offeous matter itfelf,. re- 
duced to this) ftate by the action of the gaftric 
fluid. Laftly, nine hours longer continuance 
in the ftomach, left only a few finall chips. 
This one experiment convinced me, that the 
gaftric fluid of the little owl is capable of di- 
gefting bone as well as flefh, without the con- 


currence of any external] agent: it alfo fhews 


the gradual progrefs of digeftion. 

- ©xLix. Having fo far fatishied my cu- 
riofity, it remained to enquire into the nature 
of this fluid, and -its effects out of the -ani- 
mal body. With the {mall fpunges, by 


-means of which I obtained fo large a quan- 


tity from crows (Lxxxi, Lxxx11), I pro- 


_ cured it in due proportion from the fpecies of 
owl in queftion. I fay in due proportion ; for 


it is evident, that as the ftomach of thefe 
birds will not admit fo many tubes as that of 


crows, it cannot yield fo much gaftric fluid. 


Befides, I had only fix little owls, whereas 
I could. get as many crows as I pleafed. It 
was wonderful how foon the fpunges were 


No filled 
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filled with liquor. -As they were, introduced 
into the empty ftomach, they were foon 
thrown up, agreeably to an obfervation made — 
above (cxLvi1); and yet they were as full of © 
juice, as if they had been dipped in water; 
and frefh on€és immediately forced down the 
throat, yielded a nearly equal quantity. I 
obferved the fame thing in crows (Lxxx111). 
Whence it appears, with what care Nature 
provides a Jarge fupply of gaftric liquor 
in thefe animals, as digeftion is entirely de- 
pendent upon it. The juice was inftantly 
{queezed out of the fpunges intoa {mall glafs; 
it appeared to have the fluidity of water, but — 
was of a reddifh-yellow colour, like the yolk. 
of an egg. This colour was not inherent 
in the gaftric liquor itfelf; it arofe from an 
immenfe number of very {mall yellow cor- 
pufcles, {carce perceptible by the naked eye, 
but ealily feen by help of the microfcope. In 
afew hours they fubfided to the bottom, in 
the form of a yellow fediment, and left the ~ 
fluid above tranfparent, like water, where it — 
has been freed from mud that was diffufed — 
through it and rendered it turbid. The firft 
time I {aw this phenomenon, I fufpeéted it 
was owing to fome impurities that remained — 
in the ftomach, and were mixed with the _ 
juice.: Before the next experiment, in order — 
| to 


DISSERTATION iIV.- 186 


to be certain that the ftomach was free from 
heterogeneous fubftances, I kept the animal 
fafting for a longer time than ufual; but this 
did not prevent the yellow colour from appear- 
ing. Upon opening the ftomach of an owl 
that had been long kept fafting, I could find 
no foreign fubftance, but the fluid was as 
yellow as that fqueezed out of the fpunges. 
I was therefore convinced that thefe particles, 
though I could not difcover their origin, did 
not come from any remains of the food. 
The gaftric liquor of the little crow, like 
other gaftric liquors, is a little falt and bit- 
ter: it evaporated fooner than water. It 
leaves a fediment of the yellow particles, 
which gradually becomes dry, and forms a 
blueith yellow cruft; it is not at all inflam- 
mable. It has one property common to every 
gaftric fluid I have hitherto examined, or 
fhall have occafion to mention in the fequel ; 
though it is expofed to the open air for weeks 
and months, in the hotteft feafon, it never 

becomes putrid. 
cL. Such are the properties of the gaftric 
liquor of the fmall owl, when examined 
alone. Let us proceed to the effects it pro- 
duces on flefh out of the body. In thefe 
experiments I ufed calves inteftines, a kind 
of food which this bird devours very gree- 
dily, 
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dily. Forty-fix grains were immerfed in fome 
‘recent gaftric fluid; and at the fame time an 
equal quantity of the fame inteftine was put 
into a phial exadtly like the fotmer, and an 


equal quantity of water was poured upon it. - 


- Whenever I have made experiments, with a 
view to compare the effects of the gaftric li- 
quor and water, I have taken care that all 
circumftances fhould be alike. To prevent 
evaporation, the mouths of the phials were 
{topped with paper; they were fet near a kit- 


} 


chen fire, where the ufual heat was between 


thirty and thirty-five degrees. In eleven hours 
fome black fpots began to appear upon the: 


rateiine : in the gaftric fluid, which were at 


firft thinly {cattered over it, but became gra- | 


dually more numerous, till in twenty-four 


hours they almoft covered it. During the | 


formation of the fpots, I examined the intef- 
tines with the microfcope, and found that 


where they appeared, the fleth was foftened, 


and had loft its fibrous texture. When they © 


had fpread over the whole piece, I took it 


out of the liquor, and wafhed it with pure — 


water; and now it recovered its white co- 
jour, for the black covering confifted of a 


thin ftratum of flefh, which the gaftric fluid 


had concoéted. It was very eafily rubbed off, 


and fell to the bottom of the water in ex- — 


ceedingly 
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ceedingly fmall particles, where it formed a 
black fediment, and when viewed by the mi- 
-erofcope, feemed to be a collection of mole- 
cules of flefh, with no appearance of fibres. 
When the piece of gut was dried, it weighed 
only twenty-eight grains, and had therefore 
loft eighteen; the piece that had ftood in 
water for the fame length of time, was quite 
foetid; whereas the other emitted no difa- 
greeable fmell: after wafhing and drying, it 
was found to have loft feven grains. Both 
‘pieces were again put into the phials, with 
the fame quantity of water and gaftric fluid, 
and left in their former fituation for two days. 
The latter had now loft its-fhape and organi- 
zation, and was converted intoa black muci- 
lage, of which the particles had no longer 
any cohefion. The gaftric liquor had there- 
fore diflolved the piece of inteftine complete- 
ly ; an effect, which neither water nor putre= 
faction had produced upon the other; for 
there was a remainder of nineteen grains, that 
not only retained its fibrous ftructure, but 
made confiderable refiftance when I attempted 
to tear it. 
“eri. I did not neglect to examine the 
ftomach and cefophagus of this fpecies of 
owl, as | conceived that it would be impro- 
per to omit a brief defcription of thefe or- 
gans 
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gans in the animals upon which my experi- 


ments were made. If the beginning of the 
duodenum be tied, fo as to ftop the air from 


pafiing, and the upper end of the cefophagus 
be inflated, we get a view of the cefophagus 
and {tomach dilated to their utmoft extent; 
together they refemble a pear, or rather a 


pour) of which the belly is formed by the — 


ftomach, and the neck by the cefophagus ; 
when viewed againft the light, the latter ap- 


pears femi- teani parents and the former quite — 


opake. : If they are cut longitudinally, and | 


{pread upon a table, we find that the tran{pa- 


nefs of its fides, which thicken as they de- 


fcend, and render the lower part as opake as _ 
the ftomach. It becomes not gradually, but — 
{uddenly thicker, from the multitude of fol-— 
licular glands that form the fame kind of — 


rency of the cefophagus is owing to the thin- . 


4 


traniverfe fafcia, that I have defcribed jn — 


other. birds; in this fpecies it is about five © 


lines broad. Thefe glands continually fecrete 


into the cavity of the cefophagus a liquor.al- 


moft infipid, of a turbid white colour, and 


of fome denfity; in a word, refembling the © 
cefophageal juice of other birds, At the be- — 
ginning of the ftomach the follicles difappear, — 


nor could I find the fmalleft veftige of any' 
thing like them in the coats, though [- 
fearched 


_ 
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fearched with care. Are we then to fuppofe 
that the fluid, which is always to be found in | 
the ftomach, derives its origin from the num- 
berlefs glands lying at the bottom of the cefo- 
phagus? this is probably true of fome part of 
it; but that no fmall part comes alfo from 
the arteries of the ftomach itfelf, the moif- 
ture, like what I have defcribed in other ani- 
mals (xci1t, cxxxi1), has furnifhed me with 
an indubitable proof; for it immediately ap- 
pears again, though it has been wiped off 
ever fo clean. 

ex1it. This defcription will apply to: the 
cefophagus and ftomach of fcreech-owls: I 
have made experiments on two fpecies of 
owl; one variegated with many colours, among 
which the red and brown, or dull yellow, 
predominate; upon the head are two curious 
_ tufts, in the fhape of a crefcent; the other 
fpecies has not this tuft, but is adorned with 
a greater variety of elegant colours; the iris 
is dufky, in the former it is yellow (2). My 
_ firft experiment was made upon one of the 
long-eared owls, and the refult greatly fur- 
prized me. It threw up two tubes in about 
three hours after it had taken them, nor was 


. (a) The former fpecies is called by Linnzeus Prix ofus, and 
moyen duc by Buffon; the latter frix fudula and chat huant. 
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the fleth at all changed; I could not perceive © 
any alteration, even when it had continued 
upwards of feven hours in the ftomach. If 
I had not been very cautious in forming opi- 
nions, I fhould have concluded, that the gaf- 
tric juices of this fpecies are infufficient of 
themfelves to produce digeftion; but I re- 
flected, thata fingle experiment did not war- — 
rant fuch aconclufion, and that fome adven- 
titious circumftance might have affected the © 
refult. The bird feemed quite ftupid, and_ 
reduced very much in its flefh; hence it was 
probably unhealthy, and confequently inca- 
pable of digefting its food properly.. This 
fufpicion was confirmed by the account of the 
-perfon from whom J had it, who informed 
me, that it had refufed food ever fince it was — 
taken, which was now four days. It was an ~ 
old bird; and, upon turning to Buffon, I. 
found that, in order to rear individuals of 
this fpecies, it is neceflary to catch them — 
young, for the old ones will not take fufte-_ 
nance in confinement (2). In two days and 
a half longer, that in my poffeffion died with-_ 
out taking oy food of itfelf; it had always” 
returned what I forced down the throat. | 
crit. This owl fell into my hands in- 
winter; the {pring following I procured*two > 
(2) A. lc. ce 
young 
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‘young ones from the neft, which devoured. 
food with eagernefs whenever they were hun- 
gry: I now repeated my experiment, and the 
_refult was exactly the reverfe of the preceding ; 
the flefli in the tubes thewed figns of folution 
in three hours and three quarters, and in {e- 
ven was entirely diffolved. This convinced 
me, that the failure of the foregoing experi- 
ment was not owing to the inefficacy of the 
_gaftric fluid, but to the morbid condition of 
the animal ; which either leffened its quan- 
-tity, or, what is more probable, impaired its 
quality. 1 might, therefore, have omitted: 
‘mentioning that failure; but it was better to 
relate it, in order to fhew, that when the 
food inclofed in tubes is not digefted, we are 
not immediately to infer, that the gaftric 
fluid is not capable of producing this orate 
cLiv. But my young owls digefted not 
only flefh, but bone; and that of a hard tex- 
‘ture, fuch as the bones of fheep and oxen, 
Not to mention thofe of pigeons and fowls. 
The refult was effentially the fame as in a: 
preceding fpecies (CXLVII, CXLVIII); in- 
‘ftead, therefore, of dwelling upon it, I wih 
relate, at fome length, a fact, which, in my 
Opinion, deferves to be noticed. I gave one 
of my owls a frog, and an hour afterwards 
Killed it. The ftomach though exceedingly 


dilated, 
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dilated, was incapable of containing the whole 
frog, of which the head lay in the cefopha-_ 
- gus, and ftretched its fides confiderably; the _ 
hind legs lay at the bottom of the ftomach, ~ 
and the fleth was fo much wafted, that the - 
bones were nearly bare: the integuments of 
the thighs and trunk were almoft corroded, — 
and the flefh was as tender as if it had been 
boiled. ‘The head, which lay contiguous to ~ 
the fafcia of follicular glands at the bottom of - 
the cefophagus, had begun to be diffolved. 
This experiment fhews not only that flefh is 
digefted with great quicknefs by the gaftric © 
liquor, but likewife that it is digefted equally © 
foon in the cefophagus and ftomach; an ob- | 
fervation } had not yet made upon any other — 
aniunal. | . 

civ. Before I killed both thefe owls, I 
was defirous of having fore of their gaftric — 
juice, that I might fee whether it retained 
like others its power of digeftion ; and I found, 
that it completely diflolves flefh, when it is 
affifted by a proper degree of heat. 

civ. In the other fpecies, the tawny owl, 
the fame phenomena occurred with refpect 
to the folution of flefh and bone in the tubes, 
_ whether we confider the digeftion of flefh and 
bone in tubes, or the fpeedy digeftion in 

the 
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the @efophagus (2), or the remarkable flow- 
nefs of that procefs out of the body. - Upon 
an individual of this fpecies I made an expe- 
riment, which had been unfuccefsful on the 
littl owl. Obferving, that when they were 
hungry and open their beak very wide, if I 
dropped a pea, French-bean, or chérry into 
it they fwallowed it with as much avidity as 
if it had been the pleafanteft kind of food, I 
was defirous of feeing whether the ftomach 
would: digeft vegetable fubftances. With 
this view I enclofed fome of the feeds jut 
enumerated in tubes, and forced them down 
the throat, but to no purpofe; for though 
_ the liquor {welled them, and perhaps altered 
the colour, they underwent no diminution of 
bulk. They were thrown up undigefted in a 
day or two, a circumftance which fufficiently 
fhews, that fuch kind of food, notwithftand- 


(a) When I was writing this paffage I was ftruck bya re- 

fle€tion; for which this is the proper place. If we compare 
_ the prefent with the LxxviiI, UXXVIII, LXXIX, XCIX, C, CI, 
CXXxXXv, CLivth, it will appear, that the cefophageal before its 
mixture with the gaftric fluid, in many animals, is endowed 
with fome degree of digeftive power. Though it generally 
exerts this power only when mixed with the gaftric fluid, yet 
in fome animals, which {wallow their food with great eager~ 
nefs and have not room enough: in the ftomach to contain it all, 
in confequence of which part muft be lodged in the cefophagus, 
digeftion takes place there, 
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‘ing the birds appear to relith it, is il] adapted | 


to their gaftric juices. The greedinefs with 
‘which they fwallow fuch fubftances can arife 
only from that blind appetite, in confequence 
of which youlg birds take whatever is offered 
them. 

CLVII. Bains fatisfied with thefe experi= 


ments on nocturnal birds of prey, I turned _ 


my attention to fome of the diurnal ones. My 
firft fubjeét was a falcon given me by my il- 
luftrious friend the abbe Corti, formerly pro- 
feflor of natural hiftory at Reggio, and now 
fuperior of the College of Nobles at Modena, 
a philofopher well known in the republic of 
letters by feveral fine publications. It was of 
the fize of a common hen, and appeared to 
belong to the {pecies denominated /anarzus by 
Linneus. I foon found, that I could not 
handle this bird fo familiarly as thofe which I 
have had occafion to mention hitherto. Its 
trong beak and long fharp talons would not 


- 


eafily permit me to open the mouth by force, _ 


and thruft the tubes down the throat. I 


however contrived a method of introducing 
‘them into the ftomach unperceived by the 
bird; it confifted in cutting fome flefh in 
pieces, making holes in them, and concealing 
the tubes in thefe holes. When the falcon. 
was hungry he ran eagerly to the pieces of 


fleth. = 
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flefh, and fwallowed them whole. . For the | 
fraud to fucceed, it was necefiary that the 
tubes thould be quite covered with flefh; for 
ifany part of them was bare, the falcon would 
put them under his talons and tear the fleth 
away with his.beak and fwallow i it without the 
tubes. 
~ eLviit., My fir atodcimant was). made 
with a view to afcertain, whether it was ca+ 
pable of digefting bone independently of the 
action of the ftomach, which proved to be the 
cafe; but I have before faid fo much on the 
fubje&t of the digeftion of bone, that Ifhould 
forbear to relate the prefent, inftance: particu- 
larly but for a new and important phenome- 
non, which renders the detail neceflary, The 
bone confifted of little fplinters of an ox’s 
thigh bone; they were very hard and com~ 
paét, and of various fizes, from that of a grain 
of wheat to that of a bean; they weighed to- 
gether fixty-feven grains; I put them into 
two tubes, in which they were rather clofely 
crammed. To prevent their falling out of 
the tubes when they began to be diffolved, 
and confequently to get loofe from each ot ther, - 
I put the tubes in a linen bag, a precaution 
which I had before Brinloeeds: and continued 
-toemploy occafionally.in future. Intwenty- 
four hours the bones had fhifted their re- 
: Oz fpective 
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{pective places and rattled in the tubes, a cir- 
cumftance that fhewed the bulk to be dimi- 
nifhed. ‘They were moift with gaftric li- 
quor, but had none of thofe gelatinous points 
which I-had feen in an experiment both on ~ 
the Ui#tle owl (cxivi111), and the two other 
fpecies. Thefe points were, as I then re- 
marked, the offeous matter converted into 
jelly or chyme by the gaftric liquor. But» 
what is extraordinary was, that thefe fplinters. 
retained their original hardnefs and rigidity ; 
fo that at firft fight one would not have fup- — 
pofed, that the fluid of the ftomach had had 
any effeét upon them. However, the con- . 
trary was certain; for when the gaftric li- 
quor was wiped off, they weighed only forty- 
two grains. I now replaced them in the 
tubes, and examined them again after they 
had been two days in the ftomach. The © 
pieces of the fize of grains of wheat were all 
deftroyed but two, which wére now no larger 
than millet. Three of the fplinters were at . 
firftas big as beans, but now reduced to the 
fize of maize. Thofe of an intermediate 
fize were diminifhed in proportion. During 
the whole time they all continued hard. At 
the third examination, after fifty-feven hours — 
~Jonger continuance in the ftomach, the three — 
large pieces only were left, and they were — 
: te now — 
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now not larger than millet; when I Plots 
them with an hammer, I found that they re- 


_ tained their original hardnefs. 


‘The gaftric liquor therefore of the falcon 
does not, like that of owls and many other 
animals, infinuate itfelf into the fubftance 
of the bone, but as on the furface only. 
The phenomenon, I think, may be thus ex- 
plained: conceive a bone to be compofed, 
like wood, or to bring a more familiar in- 
 ftance, like an onion, of a great number of 
ftrata. The ftrata of the onion are of con- 
fiderable thicknefs, but we muft imagine, 
that in bone they are exceedingly thin.. The 
gaftric fluid of owls or other animals will 
_ firft diffolve the upper ftratum, but while it 
is doing this it will penetrate and foften the 
contiguous ftrata, without diffolving them. 
Hence the tendernefs of bone that has lain , 
in the ftomachs of animals. On the con- 
trary, we muft fuppofe, that the gaftric li- 
quor of the falcon has no power. of pene- 
trating the internal ftrata, but that its action 
is limited to the furface. According to this 
fuppofition the bone will be digefted without 
having the internal parts foftened, and thus 
_ ftratum after ftratum will be taken away, juft 
as it would happen if we had a menftruum 
capable of diffolving only the fuperficial 

O 3 layer 
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layer of an onion without acting upon the 
others. 


ciix. Before I concluded pofitively that — 


the gaftric juice of this bird does not foften 
bone at all, I determined to obferve its ef- 


feéts when it is at liberty to act without any — 


obftacle; for it is poflible, that its efficacy 
might be impaired by pafling through the 
eloth. I therefore took a piece of the famne 
thigh bone from the thickeft part, and worked 
it into a {phere by the lathe, to prevent the 
angles injuring the fine coats of the ftomach; 
it was then given to the falcon, My pur- 


' pofe was to obferve whether as it was diffolyed : 


it was alfo foftened, 


It continued five days in the ftomach with 


‘out becoming in the leaft tenderer, The 
fhortening of its diameter {hewed that it was 


Jeffened in bulk, Meantime the falcon threw 


up the {phere once or twice a day, according 
as he was fupphied with food; for, as 1 have 
obferved with refpect to other birds of the 
fame-clafs (cxivii1), he did not vomit in- 


digeftible bodies till he had digefted the other 


: contents of the ftomach. To caufe indigef- 


tible fubftances to remain in that cavity af. 
ter other bodies are digefted, I gave him frefh 
food; for experience haying taught me to 
judge, when that period was approaching, I 


was 


' 
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was fure to attain my purpofe; fince when the 
crop is full of food, the contents of the fto- 


mach cannot be evacuated through the mouth. 


By thiscontrivance the falcon was made to re- 
tain the globe twenty-two fucceflive days. It 
is {carce worth while to obferve, that it was 
not foftened, fince the inability of the gaftric 
fluid to produce this effect has been fufficiently 
proved before; but the remarkable diminu- 
tion it underwent deferves to be noticed. 


The {phere was at firft four lines and an half 


in diameter, and when it had been thirty- five 
days and feven hours in the ftomach it mea- 
fured only a line and about a third; it pre- 
ferved its form perfectly; the fame may be 
faid of its polifh; there was not a furrow, 
nor an indentation, nor an afperity of any | 
fort upon the furface, ‘This fmoothnefs is, 
I think, a clear proof, that the ftomach of 
this fpecies has no triturating power, other- 
wife the globe would haye fuftained fome 
injury from the friction and impulies of fo 
many tin tubes as were introduced into the 
ftomach during‘its continuance there. 

eLx, Let it not however be imagined, that 


bones of a texture lefs compact require fo much 


time to be diffolved; this was very far from 
being the cafe. My falcon would eat a whole 
pigeon at once, for birds of this kind when | 

. O 4. they 
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they take any large prey, always fill themfelves 
guite full, and then continue feveral days 
without food. My falcon refufed the en- 
trails, the tips of the wings, and the beak; 
the reft he devoured with the utmoft greedi- 
nefs, But no bone or flefh was ever vomited, 
nor did any thing pafs out at the vent in 
the form of bone or fleth; the excrements 
now, as well as at other times, confifting of 
a femifluid matter, partly white and_ partly, 
black. When dry it might be reduced to an 
impalpable powder by rubbing between the 
fingers. This animal therefore digefted not 
only the flefh, but the bones of a pigeon, and 
that in the {hort fpace of a day; for at the 
expiration of this time it would eat a fecond , 
pigeon. i 
~cLxr. While I was examining the man- 
ner in which the falcon digefts bone, I was — 
{truck with a thought that had never occurred 
to me during the whole train of the foregoing © 
experiments; it was to enquire whether the 
gaftric liquor befides bone is alfo capable of 
digefting fome other animal fubftances, fuch 
as the enamel of the teeth, the tougheft ten- 
dons, and horn. With this view I enclofed 
two incifors from the Jower jaw of a fheep in 
a tube, which the falcon retained three days 
and feven hours, Wherever the enamel did 
| not 
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not.extend they were corroded and wafted, 
but the other parts were uninjured, and as 
brilliant as at firft.. In four days and an half 
longer continuance in the ftomach the fang 
was nearly diflolved, but the enamel was per- 
fetly found. The teeth were kept two days 
more in the ftomach without the tubes, but 
no further effect was produced; whence it 
was neceflary to infer, that the gaftric juice 
of the falcon is incapable of diffolving the 
enamel of the teeth; a circumftance which is 
not very furprifing, fince it differs from every 
other offeous fubftance. 
erxtt. I have elfewhere obferved, that 
birds of prey, and confequently falcons, vo- 
mit the feathers of the birds which they 
eat (LIx); it is therefore evident, that the 
gaftric fluid cannot digeft them. The {mell 
emitted by burning feathers fhews, that they 
refemble horn in their nature; it was there- 
fore reafonable to fufpect, that corneous fub- 
{tances would not be diffolved in the fto- 
mach, a fufpicion which was verified by the 
event. Some pieces of ox’s and fheep’s horn » 
were as ufual concealed in flefh, and given to 
the falcon. Ina few days they were thrown 
up entire and uninjured, I have remarked, 
that the internal coat of the ftomach in gal- 
linaceous fowls is not tender and yielding, 
as 


” 
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as in many animals, but firm and cartilagi- 


nous! \(xxxvy/(RUVIT,|) KER; Lo avin 
frequently obferved, that when burned it ex~ _ 


hales an odour very much like feathers and 


horn, I fuppofed that it would in like manner 
elude the action of the gaitric fluid, which 


» 


really happened not only in the thick coats of — 


turkeys and'geefe, but in the thin ones of 
pigeons, blackbirds, and quails, When I 
gave my falcon the whole ftomach of any of 
thefe fowls, the other coats were foon digef- 
ted, but the cartilaginous remained entire. 


In tendons the refult was different; for ’ 


my experiment I chofe an ox’s tendo achillis, 
one of the tougheft tendons that 1s to be found 
in animal bodies. It was.‘/hung to dry in 
fummer for feveral weeks, and thus became 


fo hard, that a keen knife would hardly cut. 


it. However, the gaftric liquor of the falcon 
diffolved it both when it was enclofed in 
tubes, and loofe in the ftomach. 

- eixiit. Moft fhoes have the upper leather 


o- 


of calf-fkin, and the fole of ox’s hide. Both © 
thefe fubftances are very readily digefted by~ 


carnivorous animals when frefh: this at leaft © 


is the cafe with the falcon; but the contrary | 


happens when they have been tanned, Ano~— 


ther fact has warned me how cautious we ‘ 


agit to be in forming genera} rules in phy~ 
fics, 
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fics. Who would not have concluded from 
the laft experiment, that every other kind of 
leather is alfo indigeftible? Yet the reverfe 
happened in fheep-ikin dreffed, and dyed 
yellow. Some lifts of it were enclofed in , 
tubes, and completely digeftedan feven hours, 
¢rxiv, As I had found the gaftric fluid of 
other carnivorous animals incapable of digef- 
ting vegetable matters, it was more than pro- 
bable, that the fame thing would take place 
inthe falcon, I Hevreyer! thought, that it 
“would be proper to afcertain this point by ex- 
periment, if for no other reafon, yet on ac- 
count of the recent inftance of the uncertainty 
of analogical arguments (cxr111). At the 
fame time I was defirous of determining whe- 
ther digeftion is the effect of the gaftric li- 
_quor folely, as it feemed more than probable, 
The falcon could very well take fix tubes at 
‘atime: four were filled with various vegeta- 
ble fubftances, fuch as crumb of bread, chick- 
peafe, flices of pears and apples; in the fifth 
and fixth were enclofed mutton and beef, 
Upon thefe fubftances the effects of the gaf- 
tric fluid were exactly the reverfe. . The fleth 
was totally difflolved in twenty-feven hours, 
but the vegetables had undergone no altera- 
tion, Two frefh tubes, containing in the 
maddie a bit of flefh, and at the fides mafti- 
e cated 


i] / 
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cated bread and boiled peafe and chick-peafe, | 
decided the queftion {till more clearly. The 
vegetables were undiminifhed, but the fleth,” 


which was furrounded by them, was entirely 


deftroyed.. Thus the incapability of the gaf-_ 


tric juice to diffolve vegetables, and its ef-— 


ficacy on flefh, were fully proved. 


cLxv. By means of little fpunges I -pro- 
cured this fluid fometimes when the ftomach 


was empty, andat others when it contained 
fome remains of the food, in which cafe it 


was always turbid and full of heterogeneous — 


matters, of a cineritious yellow colour, and | 


had not much fluidity. When the ftomach | 


was empty it was fufficiently clear, without 


any extraneous fubftance, had an interme- 
diate colour between yellow and white, was 


very fluid, and had a faltifh and bitter tafte. | 


' With this I attempted experiments on di- 


geftion out of the body, like thofe I have al-_ 


ready fo often mentioned, The refult was 


not different. I obtained the folution of va-_ 


rious kinds of flefh by renewing the liquor 


from time to time, and by applying a heat of - 


thirty deg. the common temperature of thefe 


animals. With thefe precautions I moreover 


caufed nearly the half of a {plinter of a bone 


of beef, weighing forty-four grains, ta be | 


diffolved. 


CLXVI. 
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Pest ey'it Having made thefe experiments} 
‘in my opinion the moft interefting the ‘fub- 
ject admits, my next bufinefs was to examine 
the ftomach and cefophagus. However, three 
hours before I killed my falcon, I fed him, 
in order to fee what effect is produced upon 
the food in the craw. ‘It was in part in this 
cavity, and part had defcended into the fto- 
mach, where it had begun to be decompo+ 
fed. It was immerfed in the gaftric fluid, 
and this incipient digeftion had the fame ap- 
pearance as it has out of the body. The fleth 
in the craw, even that which was upon the 
point of paffing into the ftomach, was only 
a little difcoloured; this circumftance fhews 
that digeftion is performed only in the latter 
cavity, and that in the craw the food is only 

difpofed to be diffolved more readily. — 3 
 erxvii. When a ligature is made below 
the pylorus, and air blown in at the top of 
the ceefophagus, this part of the alimentary 
canal refembles a large inteftine about: five 
inches long; a little more than half way down 

the cefophagus is dilated and forms the craw, 
though we fhall find, that it has this name 
2 improperly, if we compare it with the craws 
of gallinaceous fowls, which lie at the fide 
of the cefophagus, or rather without it; 
whereas i in the falcon the craw is a continua- 

| tion 
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tion of that cavity. If we invert and again 

inflate the @fophagus, and then examine it 

in a ftrong light, or with the microfcope, we 
can perceive an immenfe number of glands 
from the beginning to the flefhy fafcia, not. 
excepting the craw. If we blow in frefh air, 
and obferve it again with the glafs, we hail » 
fee the glands, which are of an oblong fhape, 
and project alittle above the plane of the 
cefophagtis, each emit a drop of liquid; this 
liquid is fo vifcid, that one of thefe drops 
may be drawn out into a filament an inch or 
more long; it is infipid to the tafte. The 
greateft part of the cefophagus, is full of thefe — 
glands, and is entirely membranous; it only — 
becomes mufcular at the commencement of — 
the fafcia, which in the falcon, as well as © 
other birds, feems to confift only of number- 
lefs follicular glands, and is above an inch in 
breadth. Thefe follicles are cylindrical, and 
are all connected bya fine membrane; they © 
have one of their extremities implanted in the © 
éxternal, and the other in the nervous coat 
of the ftomach: through the latter, the ex- 
cretory ducts open Bad difcharge the fame 
kind of whitith and vifcid matter that has fe- 
veral times been defcribed as belonging to 

birds that have fimilar follicles. Thefe glands ~ 
and follicles abundantly fupply the ftomach © 

wath | 


DISSERTATION: W. 207 
with fluid; and though it is fometimes defti= 
tute of glandular bodies, yet a liquor con- 
tinually poured into the cavity by exhalent 
arteries, forms. an addition to that which 
comes from the cefophagus, as is evident from 
the moifture which appears upon the fides 
when they have been wiped dry {feveral times. 
» eLxvill. The eagle on which my expe- 
riments have been made, belongs to the {pe- 
cies called by Mr. Buffon the common eagle, 
-becaufe it is found upon moft of the high 
mountains of Europe; it was known to Ari- 
ftotle, by whom it is called Mzaam.‘eroz, or 
the black eagle Hence it has received the 
denomination of Falco Melanpetus from Lin- — 
neus, who refers, with whatever propriety, 
the eagle and falcon to one family. Though 
fome naturalifts reckon two fpecies of the 
common eagle, the brown and the black, I 
fhould incline with Buffon and Ariftotle to 
fuppofe, that there is only one. The differ- 
ence in colour may depend on the difference 
of age ; for we often fee animals of the 
fame fpecies, but of different ages, differ in 
colour. At'the time I was in poffeffion of 
my eagle I had an opportunity of feeing five 
others, four dead and prepared, and one 
living, in the poffeffion of the counts, Caf- 
tiglioni of Milan, two noblemen equally re- 
Sart > markable 


a oe 
es : 
4 


“ayo8 ° ee ee IV. 


ey 


Peharkable for politenefs of manners and flit 


in natural philofophy. Thefe animals all 


differed from each other in colour, fome being | 
of a black more or lefs deep, and others’ of 


a darker or lighter brown; yetithey agreed in 


the eflential characters of the fpecies. ‘They 
were all nearly of the fame fize, fomewhat 
exceeding that of a turkey-cock, their legs 
and feet were covered with feathers, the nails 


were black, the feet yellow, the bill blueith; 


and the bafe was covered with a bright yel- 4 


low cere: fuch are the charaGters which, ac- 


cording to the French naturalift,: the brown | 


has in common with the black eagle. 


cLxix. The ordinary food of my cablel 
conlifted of live cats and dogs, when I could — 
procure them. It. eafily killed dogs much — 


larger than itfelf. When I forced one of thefe 


animals into the apartment where I kept the 
eagle, it immediately ruffled the feathers on 


the head and neck, caft a dreadful look at the 
dog, and taking a fhort flight, immediately — 
alighted on his back. It held the neck firm 
with one foot, by which the dog was pre- 
vented from turning his head to bite; and 
with the other grafped one of the flanks, at 
the fame time driving the talons into the: 


body; and in this attitude it continued,, till 


the dog expired, in the midft of fruitlefe 
rae ia outeries — 


ad. ; ‘ ‘ 
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outcries and efforts. The beak had been 
hitherto unemployed, but it was now ufed for 
_ making a {mall hole in the fkin, which was 
_ gradually enlarged ; from this the bird began 
to tear away and devour the flefh, and went 
on till it was fatisfed. I muft not omit ob- 
ferving, that it never eat any fkin, or intef- 
tine, or bone, except very {mall ones, fuch 
as the ribs of cats and fimall dogs. Notwith- 
ftanding this ferocity, and violent impetu- 
ofity in attacking animals, it never gave any 
moleftation to man. I, who was its feeder, 
_could fafely enter the apartment where the 
bird was kept, without any means of con- 
fining its movements, and beheld thefe af- 
faults without dread or apprehenfion: nor 
was the eagle at all hindered from attacking 
the living prey I offered it, or rendered thy 
by my prefence. As it was not always in my 
power, or at leaft in my will, to give it liv- 
ing food (for I had not always dogs and cats _ 
at hand; and gallinaceous fowls, which were 
equally acceptable, were too expenfive) I {ub- 
ftituted flefh which, though it was not fo well 
relifhed, was not difagreeable. In general, 
when it had flefh at will, it only made one 
meal a day. I found, by weighing what it 
éat, that thirty ounces of flefh ferved it one 
day with one another. This fpecies of eagle 
| VoL. I. P is 
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_ is provided with a very large craw, which of — 
courfe isthe frft receptacle of the food; and 
when it was at liberty to eat its fill, this vif- 
cus was generally diftended to a larger fize 
than that of a turkey-cock full of grain. It 
gradually contracts in proportion as the flefh 
paffes into the ftomach, juft as it happens in 
gallinaceous fowls. 
cLxx. Some of the firft times I obferved 

my eagle eat, I was ftruck by a phenome- 
non, which conftantly recurred whenever it — 
took food. After it had fwallowed a few 
‘ mouthfuls, a thin ftream began to flow from 
each noftril, and to run down the upper fide 
of the beak; at the end they joined, and 
formed a large drop, which fometimes fell 
on the ground, but generally paffed into the 
mouth, and was mixed with the food. This 
drop was continually renewed by frefh fup- 
plies from the noftrils, as long as the animal 
continued to feed, and after that it ceafed to 
appear. This liquor was of a fky-blue co- 
lour, had a falt tafte, and was nearly as fluid 
as water. But why does it flow only while 
the eagle is feeding? and what is its ufe? 
It flows at that particular time only, I fup- 
pofe, becaufe the receptacle in which it is” 
contained is then only comprefled; and the 
preflure arifes from the motion of the mouth, 

7 or 
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or the impulfe of the food siraitelh the pa- — 
late, near which this receptacle lies. Of the - 
ufe of this fluid, I candidly own my total 
ignorance. I fufpect, however, that as it is 
mixed with the food, it ferves, like the fat . 
liva, to moiften it, and facilitate digeftion. 

CLxx1. It_is commonly thought, and the 
opinion has the fanction of the beft natura- 
lifts, that birds of prey, and etpecially eagles, 
never drink. What I have obferved is, that 
when the {pecies mentioned in the prefent dif= 
- fertation, were left even for feveral months 
without water, they did not feem to fuffer the 
{malleft inconvenience from the want of it; 
but when they. were fupplied with water, 
they not only get into the veffel, and {prinkle 
their feathers like other birds, but repeated : 
ly dip their beak, then raife their head, in. 
the manner of common fowls, and. fwallow 
what they have taken up; hence:it is evident 
that they drink. For the eagle it was necef- 
fary to fet the water in a large veffel; other- 
wife, by its attempts to ddint, the veffel was 
{ure to be overturned. ak. 
CLxx11. To collect into one point of 
view every thing relative to digeftion, let us 
examine*another opinion, more immediately 
connected with our fubject, It is faid by 
i2 feveral 
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- feveral celebrated naturalifts and phyfiolo- 
gifts (2), that the eagle, when unable to pro- 
cure flefh, will feed upon bread. To afcer- — 
tain this point, I made various experiments. 
I firft fet before the bird both flefh and wheat- 
en bread; and finding that it ran towards the 
flefh, without even cafting a look upon the 
bread, I fet only the latter before it, and this 
after a day’s faft, when it muft have been 
preffed by hunger; I did not however attain 
the end I had in view, and therefore kept it 
fafting for another day, but ftill to no pur- 
pofe. When the bread was fet near it, it 
would juft look at it, and then turn its eyes 
towards fome other object. When I had 
prolonged the faft to the fourth day, the 
bird ran towards me, as I opened the door of | 
the apartment, but with no other view than 
to afk for food; I offered it a piece of bread, 
_ but in vain, for, without even touching it, 

it returned to the place where it ftood before 
my coming in. I might have carried the — 
trial ftill further, but was afraid left the ani- 
mal fhould fink under‘it. | 

cixxiit. I therefore abandoned this mode 
of experiment, and thought it would be bet- 
ter to make the eagle {wallow fome bread; | 


(2) Buffon Hik. Nat. des Oifeaux. T. 1. Haller. T. 6. 


for 
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for it would either be always thrown up, 
and then it would be reafonable to infer, 
that this was an unfuitable kind of food; or 
in cafe it fhould neither be vomited, nor 
voided unaltered along with the excrements, 
and the animal fhould fhew no fymptoms of 
uneafinefs, we muft conclude that it is di- 
gefted and affimilated. I concealed the bread 
in fome flefh, as I had done in my experi- 
ments upon the falcon (cLvi1), and had re- 
courfe to the fame expedient, whenever I was 
defirous that my eagle fhould take tubes or 
other fubftances. For though this ferocious 
. bird was exceedingly gentle towards me, who 
was his feeder, yet it might have been hazard- 
ous to irritate it; and that would have been 
unavoidable, if I had opened the beak, and 
_ thruft bread down the throat by force. The 
firft portion of bread which the eagle fwal- 
lowed concealed by flefh, amounted to half 
an ounce. Indigeftible bodies, fuch as fea- 
thers, ufed to be thrown up eighteen, twen- 
ty, or, at moft, twenty-four hours after they 
were received into the ftomach. But the 
bread was not vomited in that period, ora 
day longer; nor did the excrements appear to 
be altered or mixed with bread. I then gave 
the animal a whole ounce, inftead of half an 
ounce of bread, none of which was vomited 

P 3 or 


tg". D. WS SERYR WT AAT T oO wt. CIVve. 


or voided unchanged at the vent. |The fame 
thing took place, when the quantity of bread 
was inoreated to fix ounces. My laft expe- 
‘riment upon bread, was to fubititute the cruft 
inftead of the crumb; but the refult was juit 
the fame; and notwith{tanding the eagle had 
fhewn {fo little appetite for this kind of food, 
its heaith did not appear to fuffer. And I 
_was obliged to conclude, that this fpecies of 
vegetable is digefted, and converted into real 
nutriment, as well as animal matters. I 
could not therefore refufe to accede to the 
opinion of thofe, who affirm that eagles, 
when much prefled by hunger, will feed upon 

bread, though mine would not touch it. 
~eLxxtv. But in what manner is bread di- 
gefted in the ftomach of the eagle? Is it by 
the gaftric juices alone, or affifted by tritu- 
ration PIs any fuch aétion exerted by it? In . 
fhort,° what is the immediate caufe of digef- 
tion?Thefe queftions are too clofely con 
netted with the object of my enquiry, to be 
pafled over unnoticed. To begin-then with 
the firft. Tubes employed in my ufual man- 
ner, would determine the mode of digeftion, 
And in the prefent cafe alfo, I obferved what 
I had ‘before obferved in fo many other ani- 
mals, that trituration had no part in this 
function, ‘and.that it was the fole effe& of 
the 
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‘the gaftric juices. While the eagle retained 
the tubes, a {pace that. never ufed to exceed 
twenty-four hours (cixxiit), the bread 
which aly contained was completely: dif. 
folved. If they happened not to remain long 
fo in the ftomach, the gaftric fluid had cor- 
roded the bread, and given it a yellowith co- 
lour and a bitterifh tafte. Where the action 
of that fluid had been chiefly exerted, the 


bread was changed into a gelatinous pafte, 


which had nothing of its original tafte. 
cixxv. But the tubes fhewed, that the 
gaftric liquor of the eagle diffolves not only 
bread but Parmefan eheele. This power, 
poffeffed by a bird properly carnivorous, of di- 
gefting a fubftance fo different from flefh, in- 
duced me to try whether it is capable of pro- 
_ ducing the fame effect on other matters, and 
particularly vegetables. But with refpec to 
the latter, I did not find that the efficacy of 
the gaftric fluid extended any further than 
bread; for feveral feeds of the cerealia, both 
raw and boiled, did not appear to undergo any 
alteration in the tubes, or when loofe in the 
ftomach. It is fomewhat furprifing, that this 
--fhould be the cafe with wheat, when wheaten 
_ bread is fo perfectly digefted.. We fee at 
leaft, that vegetables muft be triturated be- 
| Pa, fore 
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fore they can be digefted by the eagle, as well 
as by gallinaceous fowls (xiv), 

The foregoing experiments, and the con- 
curring obfervations of others (cuxxit), 
fhew, that fome animals, fuppofed to be 
{trictly carnivorous becaufe they live always 
upon flefh, and are provided with the moft 
formidable weapons for feizing and deftroy- 
ing their prey, may yet, under certain cir- 
cumftances, change their difpofition and 
manners, and become frugivorous. Thus 
we read of animals naturally herbivorous, as 
horfes, fheep, oxen, gradually quitting their 
ufual aliment, and learning to livé upon 
fiefh (a). I too can produce a recent inftance 
in a young wood-pigeon, a fpecies of bird 
which is univerfally known to feed upon any 
thing rather than flefth. By dint of hunger 
I brought it gradually to relith fleth fo - 
well that it refuied every other kind of fuf- 
tenance, even grain, of which it is naturally 
fo fond. Such changes, whether effected 
by defign or accident, will not excite the 
{malleft degree of furprize in thofe who 
know, that of the various kinds of food 
ufed by man and animals, the gelatinous part 
fupplies the nutriment, and that this exitts 
alike in vegetables and animals (4), The 

(a) Haller, Phyf. T. 6. (6) Ib. T. 1. 
example 


‘ 
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example of the eagle among carnivorous, and 


of the horfe, ox, pigeon among frugivorous 


animals, do mot however warrant us to con- 


clude, that the former can be uwniverfally 


converted by art or chance into the latter, 
and reciprocally; for, on the other hand, 
Reaumur’s kite (cxv1) and my owls and fal- 
con (CLVI, CLXIv, CLxv1) were incapable 


of digefting vegetable fubftances (a); not 
that thefe fubftances are unfit for affording 


them nourifhment, but becaufe the gaftric 


(a2) Mr. Batigne, in his critical reflections on the experi- 
ments of Reaumur, pretends, that we are not to conclude, be~ 
caufe vegetables undergo no change in the ftomach of the 
kite, that the gaftric liquor has no attion upon them. He 
fuppofes, that its inefficacy arofe from the vegetables not having 
been previoufly mafticated. Premiere Reflexion fur les Expe- 
riences de M. de Reaumur. } 

But in this Mr, Batigne is miftaken. After [had compleated 
my differtations on digeftion, I procured a kite of the fame 


fpecies as that of Mr. Reaumur, and had it therefore in my 


power to repeat and vary his experiments, I conitantly found, 
that bread, grain, &c. were thrown up unaltered, both when 


_enclofed in tubes and loofe in the ttomach, though they had 


been previoufly well mafticated. This faé&t agrees with my 
obfervation on the falcon, of which the gaftric liquor could 
not digeft mafticated crumb of bread. J will add, that an 
owl, fed with chewed bread alone, died upon the fourth day ; 
and upon diffeétion, the bread was found in its ftomach undi- 
gefted. Itis therefore’ evident, that the incapability of the 


‘galtric liquor of fome animals to digeft vegetables does not 


arife from the want of previous trituration or maftication, and 


that this fluid is effentially unfit for diffolving fuch fubftances. 


liquor . 


— 
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liquor is incapable of decompofing them, 
_ and extracting the nutritious jelly. | 
cixxvi. With refpect to the fecond quef~ 
tion, whether the ftomach of the eagle tri- 
turates its'contents ? I think I have abundant 
proof, that it poffeffes no fuch power. Not ~ 
to mention the numerous tin tubes that re- 
mained fo long in’ it without receiving the 
flighteft injury, I can fafely affirm, that I’ 
could never perceive the fmalleft contufion 
upon the grain (which I gave the bird naked 
in order to try whether it could digeft it) 
(cixxv), whether raw or boiled; in which © 
cafe, the {malleft compreffion or impulfe | 
would have left evident marks upon the fur- 
face. Thefe facts are confirmed by the fol-— 
lowing obfervation: I took fome ftrips, about 
a line in breadth and three inches in length, 
of exceedingly thin fheet lead, and rolling” 
them up in the form of a fpiral, introduced 
them along with fome pieces of fleth into the 
{tomach fe the eagle, in which they con- 
tinued eighteen Hodis. The leaft force would 
have farce to deftroy the fhape of thefe 
ftrips, and being totally inelaftic, they would 
preferve whatever alteration or diftortion they 
might receive from preffure or percuffion, 
However, when thrown up they retained. 
their 


e& 
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their fpiral form; a clear proof that they had 
not been fubjected to violence of any kind. 
Let Jit not however be fuppofed, that I 
mean to exclude motion entirely from the 
ftomach ofthe eagle. Having frequently 
found foreign fubftances within the tubes, 
and fixed in the perforations, I could not but 
fuppofe, that they had been driven into them 
by fome force, and this force could be no 
other than the agitation of the ftomach, 
which was either extrinfical, and produced by 
the adjacent vifcera, or the periftaltic move- 
ment by which the food is expelled through 
the pylorus. J only affert, that the ftomach 
of the eagle has no action capable of breaking 
and triturating the aliment, as I-think I have 
abundantly proved. It is likewife clearly af- 
Certained, that the vaftric fluid is the efficient 
caufe of digeftion by the experiments made 
with bread and cheefe enclofed in tubes 
(cixxv); but this will be more fatisfaCtorily 
fhewn by the experiments relative to the di- 
geftion of animal fubftances, which Lam now 
to relate. 
 cruxxvit, The firft thine J withe -d to know 
was what changes flefh undergoes in the 
eraw, and I feat therefore to contrive 4 me- 
thod of getting it back at pleafure. Had this 
bird been of the fame gentile and peaceft ful dif- 
| pofition 
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pofition as gallinaceous fowls, this. would 
eafily have been effected; for I fhould have 


had only to prefs the portion of flefh that lay 
higheft in the craw upwards with my thumb — 


and fore-finger, and by a continuance of this 
manceuvre fhould have brought it out at the 
mouth. By this fimple contrivance I have 
often examined grain from the craw of fowls, 
pigeons, and fuch birds; but the ftrength 
and ferociou{nefs of the eagle altered the cafe 
totally. After much reflection, I thought 


of an artifice eflentially the fame as that adop- 


ted for gallinaceous birds. I gave my eagle ' 


. 


only three or four pieces of fleth, of which | 


the laft was tied in the fhape of a crofs with a 


fine packthread three or four feetlong. The 


eagle, prefled by hunger, devoured the flefh 


greedily without regarding the ftring, of 
which the greater part hung out of the 


mouth; nor did the bird make any efforts to 
{wallow or throw itup. When I thought it. 


time to examine the piece of fleth I pulled the © 


{tring forcibly, and the eagle, without grow- 


ing enraged, opened its beak and allowed me 


more room for recovering the ftring, and by 


confequence the flefh that was faftened to it. 


Sometimes I ufed confiderable force, but did 
not fucceed, probably on account of the flefh” 
_ being got too low down in the craw; in this 


cafe, 


— 
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eafe, to free the eagle from the inconvenience, 


I cut the {tring clofe to the beak, and gave 
it fome flefh, which carried down the pack- 


thread before it into the ftomach, whence it 


was thrown up in a {hort time; but I have 
more frequently fucceeded in sel wine up the 
flefh, and thus obtained an opportunity of 


examining it at leifure. I never could find, 


that the craw or its juices were capable of di- » 
geftion. Its weight was nearly the fame af- 
ter it was drawn up as before it was fwallow- 
ed, nor did it feem as if it was upon the point 
of being digefted; the furface was onlya 
little tenderer, and had loft its rednefs; it 


was penetrated with a fluid that was neither 


falt nor bitter, but quite infipid. Fleth 
therefore is not digefted, it is only macera- 
ted in the craw of the eagle, as grain and 
grafs in the craw of gallinaceous fowls, 
CLxxvil1t. We mutt therefore conclude, 
that the whole procefs of digeftion begins 


-and ends in the ftomach. If then it was of 


confequence to know what happens to fleth 
in the craw, it is of much greater impor- 
tance to obferve how it is altered in the fto- 
mach. But as the expedient to get the flefh 
back, mentioned in the laft paragraph, would 
not be of any fervice here, I contrived ano- 
ther; which anfwered wonderfully well. I 
} enclofed 
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enclofed the flefh in little nets with {niall | 
mefhes, which were generally vomited empty; 
but in fome there were confiderable remains © 
of flefh. The pieces I ufed for thefe expes 
riments were globular, and the remains al« 
-moft always retained that figure. They were 
thoroughly impregnated with gaftric liquor, © 
and had both a bitter and falt tafte. The 
{urface was gelatinous; when this was re= 
moved, the fibres were eafily diftinguifhable, — 
but were as tender as if they had been boiled; — 
and the colour was changed to a reddith blue. 
When this ftratum of tender fibres was taken — 


‘ 


off with a fharp knife, that below’was firmer 
and lefs difcoloured, and at the center the 
flefh did not appear to have undergone any — 
change either in its confiftence or colour, It. 
is needlefs to obferve that thefe experiments — 
prove, that the gaftric fluid diffolves fleth. 
The permanency of the globular form clearly 
fhews, that trituration does not take place, — 
but the whole effe@t, to repeat it once more, 
is produced by the gaftric liquor, which aés 
upon the furface, and diffolves one ftratum 
after another till the whole is confumed, as 
we have feen the fame liquor of other animals — 
act as well upon fleth as other fubftances — 
(LXVs-C1). | “4 
CLXXIX. 
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- exxxix,. This laft experiment rendered it 
' fuperfluous to try, whether the gaftric fluid 
of the eagle will -diffolve flefh enclofed in 
‘tubes. Taking this for granted, I proceed- 
ed to enquire, whether digeftion would be re- 
tarded in proportion to the toughnefs of the 
flefh with which they were filled. With 
this view fome of the liver, of the mufcular 
flefh of the thigh and heart, a bit of the 
| brain, and a piece of tendon were enclofed 
in fo many diftiné tubes. They continued 
thirteen hours in the ftomach, and the gaf- 
tric fluid acted upon them juft as I had ima- 
gined it would. The tube containing the 
piece of brain was quite empty; of the liver 
only a very {mali part remained; the refiduum 
of the mufcular flefh of the thigh was more, 
confiderable; that of the heart was {till 
greater; but of the tendon there remained 
-moft of all. Thefe remains of fleth and ten- 
don had the fame appearances as I had ob- 
ferved in the balls of flefh that were introdu- 
ced into the ftomach without tubes. The 
_ gelatinous matter on the furface, the tender- 
nefs of the fibres lying immediately below, 
and the confiftence of thofe at the center 
clearly thewed, that the gaftric juices had 
“acted upon the flefh enclofed in tubes juft 


as 
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as upon what was left loofe in the ftomach 
(CLXXVIII). 
- CLxxx. My next with was to know whe- 
ther its activity would be impaired or de- 
ftroyed by paffing through linen before it got 
to the flefh. With this view, two pieces of 
the fame tendon and heart, equal in fize to 
thofe employed in the foregoing experiment, 
. Were put into two linen bags, and given to 
the eagle; in eighteen hours they were thrown 
up. At firft the fides of the bags were dif- 
tended by their contents, but now that which 
contained the flefh was a good deal collapfed; 
for half of it was diffolved: the other had 
more of its original diftenfion; for not above — 
one-third of the tendon was confumed. Upon 
comparing together the diminution of the — 
fubftances in the bags and in the tubes 
(cLxxix), I found, that in the former cafe 
it was lefs, notwithftanding the bags con- — 
tinued eighteen hours, and the tubes only © 
thirteen. It is therefore evident, that the — 
linen is a greater obftacle to the action of the * 
gaitric liquor than the tubes. i 
CLXxxI. From my experiments upon 
crows (LXVII) it was obvious to conjecture, — 
that as more folds of linen were wrapped 
round the animal fubftances, the aétion of 
the gaftric liquor would be ftill lefs confi- 
derable. 


*y 
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derable. I therefore gave the eagle fix bags, - 


containing each an aie portion of beef; 
the firft was fingle, the fecond’ double, and 
foon. The bird retained them twenty-three 
hours, when they were all vomited at once, 


as ufually happened to tubes and other indi- | 


geftible matters, which when fmall are 
thrown up all at once, and when lar ge one 
immediately after another. The two firft 
bags were empty, and the remainder of fleth 


in the four others were larger as the folds | 
Were more numerous, fo that in the fixth it | 


was the largeft ofall. It had however under- 
gone {ome diminution, and the ; gaftric fluid 
had. therefore begun to diffolve it, notwith- 
ftanding the fix folds, as appeared from its 
being impregnated With it, and from the ten- 


dernefs of the fibres, and the change of co- . « 


Jour on the furface. My next with was to 
try whether the juices of the ftoniach were 
capable of penetrating through a denfer fub- 
 ftance; I therefore fubftituted cloth in the 
-ftead of linen, and having put fixty-eight 
grains of beef in the bag, tied fome pack- 
thread very tight round its neck. In four- 
teen hours it was vomited, and being appa- 
rently of the fame fize as at firft, it was re- 
turned immediately into the ftomach, where 
' it continued twenty-two hours longer. I 
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now found that the cloth, notwithftanding 
its clofe texture and great thicknefs which 


amounted to four-fifths of a line, was tho-— 


roughly penetrated by the gaftric liquor. The 
flefh was alfo moift with it, and appeared, 


upon being weighed, to have loft twenty- | 


feven grains. Twenty-feven grains had then 
been difflolved, and as no veftige of them 
was to be feen in the infide of the, bag, it 
was evident that they muft have paffed out 
through the pores of the cloth, and confe- 
quently that the gaftric fluid is capable of 
reducing flefh to particles of the utmoft te- 
nuity. 


the eagle devours the finaller bones of dogs 
and cats along with the flefh (cL1x). When 
} gave that in my poffeffion a bird, it would 
~ alfo fwallow all the bones, except thofe of 
the extremities ; and as they were not thrown 
up, there was good reafon for believing that 
they were digefted, a circumftance that ex- 
actly agrees with my obfervations on falcons 
and various other birds (xcvill, CxLVvil, 
CLIv, CLv1i1). But greater certainty was 
defireable, and this I endeavoured to attain in 
the following manner: two pieces of the rib 
of a {mall dog, each about two inches long, 
were tied together, and two thigh bones of 

a cock; 


eLxxx11. I have before obferved, that 


nh 
& 
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& cock; this packet was retained twenty- 
three hours; but the bones were very much 
altered during that time. The two pieces of | 
rib were reduced to the thinnefs of a mem- 
brane; the leaft violence was fufficient to 
break them; they were totally inclaftic, and - 
had loft all their marrow.. The two thigh 
bones now refembled tubes of parchment; 
they were eafily compreflible, and when left 
to themfelves recovered their fhape, and af- 
ter being bent they would become ftrait 
again. Upon one of the tibie thus wafted 
and.altered there was a very fingular appear-~ 
ance; about one-fifth was ftill offeous, but 
tender, yielding to the touch, and much at- 
tenuated. It is therefore apparent, that the 
_ Juices of the ftomach are capable of diffolving 
bone, and that in a fhort fpace. I was un- 
willing to throw afide thefe bones thus redu-. 
eed almoft to nothing, and therefore tying 
them up in a bundle I gave them again to the 
eagle, in order to fee whether they would be 
entirely diffolved, or, likea caput mortuum, 
retain their membranous appearance; but 
being apprehenfive that this could not be fo 
well afcertained if they were naked in the 
ftomach, I enclofed them ina tube. It was 
retained thirteen hours, and upon examina+ 
tion was entirely empty; it was therefore 
: Q2 reafonable 
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reafonable to infer, that the gaftric fluid had | 
now completed the folution. 

CLXXXxIII. The readinefs with anes chefe 
bones, of a texture by no means tender, were » 
digefted, led me to fuppofe, that the hardeft 
would not refift the action of the gaftric li- 
quor. To determine this, I began by giving 
the eagle a fphere worked at the lathe out of 
an ox’s thigh bone, of the fame diameter as 
that which had been ufed for the falcon, and 
taken from the fame individual (cLix). Upon. 
that occafion I obferved,. that the falcon did 
not diffolve it during the long {pace of thirty- ee 
five days and feven hours. In the prefent 
cafe it was every day vomited, and immedi- 
ately returned, and in twenty-five days and © 
nine hours it was completely digefted. ‘The 
eagle is then capable not only of digefting the 
hardeft bones, but of digefting them in a 
fhorter {pace than fome other birds of prey. 
In the account of my experiments on the fal- 
con I temarked two things, firft, that its di- 
ameter decreafed without any change of fhape ; 
fecondly, that the texture was not foftened © 
during the whole time (crix). The firft 
phenomenon occurred on this occafion, the 
{phere not only maintained its figure, but 
continued as fmooth as when it came from the 
| lathe. But with refpect to the fecond cir; 
cumftance, . 
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cumftance, there was a wide difference; for 
notwithftanding the hardnefs of the bone, the 
furface was fo foft every time it was thrown 
up, that it was eafy to pare off with a knife, 
flices as flexible as cartilage. The gaftric 
fluid then of the eagle, befides diffolving the © 
fuperficial ftrata, had penetrated into the fub- 
ftance of the bone and foftened it; an -effe&t 
which that of the falcon is incapable of pro- 
ducing. Penetrating, however, as it is, ‘it 
_ has no’action on the enamel of the teeth, any 
more than that of the falcon (cLx1). ~ 

- CLxxxiv. We have feen how much 
more f{peedily the gaftric fluid of the eagle 
digefts bone than that of the falcon; the 
fame obfervation may alfo be extended to 
flefh. The former bird required thirty ounces 
a day (cLxix), the latter was fatisfied with 
twelve, and fometimes with ten. The gaf- 
tric liquor of the one then diffolves; in an 
equal {pace of time, three times as much as 
that of the other, and confequently the ra- 
pidity of digeftion in one is triple of that’ in 
the other. I fhould however, upon mature 
reflection, be inclined to confider this greater 
rapidity as apparent, rather than real. The 
eagle indeed digefts three times as much flefh 
as the falcon in the fame time, but then the 
gaftric juice of the former is.far more copious 


Q 3 than 
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than that of the latter; and if we fuppofe it 
to be three times as much, a fuppofition very 
admiffible, as we fhall foon fee, every third 
part will diffolve a quantity of flefh equal to 
that diffolved by the whole gaftric fluid of 
the falcon. The fame remark is applicable 
to other animals. With how {mall a quan- 
tity of flefh is the little owl {atis fied in com- 
parifon with the eagle, and confequently 


how inconfiderable is the folution effected by ~~ 


the gaftric liquor; but then how trifling 
does the quantity of that liquor appear when 
we confider that of the eagle! The fame re- 


fleGtion will recur when we comparea lamb 


with an ox, or a hare with a horfe. But 
with refpect to the cafe in queftion, I could 
not devife. any more effectual means of de- 
termining whether the greater effect produced 
by the juices of the eagle arofe from the greater 
abundance folely, or in part alfo from its fu- 
perior efficacy, than to give each of thefe 
birds a fmall quantity of flefh at the fame 
time, and obferve what would be the event, 
It would either be digefted by one as foon ag 
by the other, and then the fame efficacy mutt 
be afcribed to both; or elfe the eagle would 
digeft it more f{peedily than the falcon, in 
which cafe the fmall quantity of flefh would | 


not x us to fuppofe, that the fluid of the #9 


falcon 
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falcon could not fo foon diffolve it on ac- 
count of its being in fmaller quantity, and 
we thould therefore be obliged to conclude, 
that it is lefs capable of digefting flefh than 
that of the eagle. This experiment I -have 
often repeated, not only upon the falcon and 
eagle, but upon the two {pecies of owls alfo, 
and crows, and the refult has been, that 
_ fometimes one and fometimes another of thefe 
birds has digefted the {mall portion of fleth 
fooneft ; nor did the eagle at all diftinguith 
itfelf above the reft. As the difference of 
time was very inconfiderable, it may be over- 
looked, and we may fafely fuppofe, that the 
digeftive power of the gaftric fluid is nearly 
equal in thefe feveral {pecies, and confequent- 
- ly that the eagle has no advantage over the 
reft. It may however be objected, that with 
refpect to bone, at leaft, the prerogative of 
- digeftion belongs to the eagle in preference 
to the faleon, which takes above thirty-five 
days to diflolve the fame fphere which the 
eagle diflolves in lefs than twenty-fix (cLix, 
CLxxx1III), I can adopt this opinion with- 
out much reluctance, fince there is no in- 
confiftency in fuppofing, that two meni{trua 
may agree in the effects they produce upon 
one body, but differ with refpect to another ; 
nay, this idea is confirmed by the facility 
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with which the gaftric fluid of the eagle pe- 
netrates into and foftens bone, a quality which’ 
that of the falcon does not poflefs in the 
{malleft degree. (cL1x, CLXxxIII). 
CLxxxv. Let us now proceed to fhew 
the great abundance of gaftric fluid in the 
eagle in comparifon with fmaller birds, fuch 
as the falcon, the owl, &c. To procure this 
fluid I was not obliged, as in other animals 
(Lxxx1), to ufe fmall fpunges. The eagle 
fupplied me fpontaneoufly. Very foon after 


it was in my poffeffion | was aware, that along. 
with the tubes a quantity of gaitric fluid was | 
thrown up, fo that the floor was often quite 


wet with it. It was eafy to devife a method 
of catching it before it fell on the ground ; 


for the eagle rarely moved from the place — 
"where it took food, and therefore generally 


vomited the tubes on the fame {pot. Upon 
this I fet a large glafs veffel, and thus was 
enabled to collect a large quantity of liquor, 
which generally exceeded three-fourths of 


an ounce a day on thofe days when the vo- — 


miting took place, a quantity which I could 
not even hope to procure from all the above- 


mentioned birds of prey taken together, © 


What I obtained’in this manner was extreme- 
ly well fuited to my purpofe, not being adul- 
terated 
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terated with heterogeneous matters; for it 
was always thrown up when the ftomach was | 
empty, as I knew by the avidity which the 
animal fhewed for frefh food at this time... - 
Its fmell, which I cannot defcribe, is not 
difagreeable, but very much refembles that 
emitted by the gaftric liquor of other birds 
of prey. If we except the colour, which in 
the others is yellow, but in the eagle cineri- 
tious, it exhibited the fame qualities, whe- 
ther we confider the bitter and falt tafte, the 
turbid appearance, which is almoft infepara- 
ble from the one as well as the other, its 
fluidity, which comes near to that of water, 
its difpofition to evaporate, or the total want 
of inflammability. 
cLxxxvi. The gaftric juice of the eagle, 
as well as that of other animals, is capable 
of digefting animal and vegetable matters 
eut of the body. It has even produced 
an incipient folution of bone, and an almoft 
complete one of cartilage; but the experi- 
ments were made in a confiderable heat; for 
otherwife little or no folution took place, and 
the gaftric juices of the eagle now only 
_ prevented thefe fubftances from becoming 
putrid, 
| Upon this fluid I made two experiments, 
to which I had not fubjected that of other 


animals. 
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animals. Ona very cold day in-winter I ex- 
pofed a {mall quantity in a glafs, on a win- 
dow, along with two other glaffes contain-~ 
ing water, in one of which. was diffolved a 
quantity of common falt fufficient to give it 
a {tronger tafte than the gaftric fluid had. 
The thermometer fet befide the glafles ftood 
at 5 deg. below o (a). Of the three liquors — 
the firft that was frozen was the common 
Water, the next was the falt water, and the 
laft was. the gaftric fluid. When I carried. 
them into my apartment, where the tempe- 
rature was. three and an half deg. above o, 
the firft that thawed was the saeic fluid, 

next'the brine, and laftly the water. Itmuft - 
therefore be fuppofed, that this gaftric juice 
is capable of refifting cold more than com- 
mon water. As this cannot be attributed to. 
its faline principle alone (otherwife it would 
have been fooner frozen than the brine), it’ — 
is neceflary to admit fome other principle ca= 
pable of retarding congelation, whether fpi- 
rituous or oily,-or of whatever other nature; 
and the clofe analogy fubfifting between the — 
gaftric liquor of the eagle and other animals 
renders it highly Mitel that a like siti 
ple exifts alfo in them. 


(2} Twenty and three-fourths, Fahren. 


My | 
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My fecond experiment was the following: 
having learned from Mr, Levret (a), that 
the juices of the ftomach have the power 
of diffolving the inflammatory cruft of the 
blood, I procured fome of it from a pleuritic 
patient, and immerfed it in a phial of the 
gaitric fluid of the eagle. The event com- 
pletely anfwered my expectation: for in two. 
days and a half, in a temperature of 15 deg, 
the cruft was entirely difiolved, and convert- 
ed intoa liquid of a dark hue: this can oc- 
¢afion no furprize; for if the gaftric fluid 
‘can diffolve animal fubftances of a far harder 
texture, fuch as mufcle, cartilage, bone, out 
ef the body, it will much more eafily pro- 
duce the fame effect upon the inflammatory 
eruft of the blood. 
' CLxxxvil. Here the death of the eagle, 
which happened fomewhat more than five 
months after it had been in my pofleffion, — 
put a ftop to my experiments. I however 
refolved to examine the parts that are fituated 
internally, the only enquiry relative to di- 
geftion that could now be made. During 
the diffection I found, that this individual 
Was a female; for there were many eggs, 
fome fimaller and fome bigger, attached to 


{a) Art d’Accoucher, 
the 
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the ovaria. It was confequently much larger 

and ftronger than the male of the fame fpe- 
cies; for itis a conftant obfervation, that the 
male in birds of prey is about a third fmaller 
and weaker than the female; whereas, in 
other clafles, the male ereondal the female in 
both thefe refpects (a). The inteftinal canal 
was full of the ufual folds and convolutions ; | 
when ftretched out at full length, it- was 
about fifty-nine inches long from the begin- 
ing of the duodenum to-the end. of the 
rectum. There is a double pancreas, and 
each portion is perfectly diftinct and feparate ; . 
but the fame obfervation has been made upon, 
other animals. Both thefe glands are of a 
blueifh flefh-colour, of an oblong fhape, and 
{maller toward the end. There is: a differ- 
ence “in the fize, one being an inch and an 
half in length, whereas the other is only 
an inch and three lines. They lie parallel, 

are fituated about five inches from the pylo- 
rus, and: ftretched along: befide the duode= 
num, one on each fide, and are attached by 
cellular fubftance.’ At about fix inches dif- 
tance from the pylorus. an apparent cord, 
tinged internally with a’ dark azure-colour, 
lies upon the duodenum. If we trace it 


(2) Buffon. 1c. Ty ts | 
back«. 
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backwards, we find it gradually enlarged, 


_andat laft inferted in the gall-bladder, which, 

in. fhape and fize, betclrites a wood-pigeon’s 
egg. From what has been before obferved 
'(Lxxxiy; cCxv), it’is eafy to guefs the ufe 


of this cord; it is the dud through which 
the bile paffes from the bladder into the duo- 


‘denum. If the gall-bladder be preffed gently 


the cord becomes immediately tinged with a 
deeper azure, and the liquor runs into the 
duodenum: if we open that gut, the upper 
part is found tinged with a greenith azure 


bile. Upon wiping it away, the entrance of 


the duct becomes vifible, and freth bile runs 
into the duodenum when the preffure is re- 


“newed. . The gall-bladder lies towards the 


right lobe of the liver, but is not covered by 
it. The bile is rather denfe, and hasa piang 


bitter tafte. 


— eLxxxvitI. When [I infpected the fto- 
mach I was aftonithed:at its fmall fize, when 


compared with the-crop. The latter cavity 


is capable of containing thirty-eight ounces 


/of water, whereas the ftomach ‘can’ f{carce 


hold three. We muft therefore fuppofe, 
that the. great quantity of flefh devoured by 


_ this voracious bird pafles flowly from the 


craw to the {tomach, in proportion as it is 
digefted 
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digefted and expelled into the inteftines. 
Hence it is eafy to comprehend how a fingle 
meal may ferve feveral days; for a large prey 
will be equivalent to feveral fmaller ones. I 
cannot give a better idea of the thape of the 
ftomach, than by comparing it toa man’s leg 
and foot. At the point of the toes lies the 
pylorus, the foot refembles the bottom of 
the ftomach, and the leg the upper part. -The 
flefhy fafcia full of follicular glands, which 
in other birds, whether granivorous or car 
nivorous, is fituated juft above the ftomach, 
in the eagle is contained within its cavity, 
and makes up the fuperior and larger half.’ 
The internal coat of this fafcia is fo thin and 
delicate, that it tears upon being flightly 
rubbed with a cloth. Wecome next to the 
nervous coat full of an infinite number of 
pores, out of which, when preflure is made, 
iffues a vilcid, cineritious, and infipid liquor. 
Upon removing this coat thefe pores appeaf 
to be the excretory ducts of the follicles, of 
which one extremity adheres to this, and the 
other to the mufcular coat; next the laft 
mentioned lies the external coat, which ap= 
pears to be membranous. The glands aré 
cylindrical, a line and one-fourth long; they 
are tied together by a number of membran- 
ous 


fe yee 
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‘ous filaments. This fhort defcription thews 


the entire refemblance between the fafcia of 
the eagle and other birds. The four coats 


_ pafs on to the inferior part of the ftomach, 
and extend to the pylorus.. The mufcular 


coat feemed to merit a diftiné& examination. 
It confifts of two fttata. That which lies 


next the nervous coat is formed by flefhy faf- 
iculi, of a lively red colour, running ina 


longitudinal direction. The other is of a 
paler red colour, and the fibres interfeé thofé 


Of the other coat at right angles, and of 
Courfe run tranfverfely. Notwithftanding 


their nearnefs they are perfectly {eparate from __ 
each other, like the rings of certain worms, 
particularly of the earth-worm, which they 
moreover refemble in their blueith fleth=co- 
Jour. ‘Thefe two thin ftrata doubtlefs caufe. 


the various motions of the ftomach, of which 


the effeéts have appeared in fome of the ex- 
periments related above. This coat is one- 
fourth of a line in thicknefs; upon the faf- 


ia it is thinner, and I could only-find the 


tranfverfe ftratum ; whence it feems probable, 


that the motion of the ftomach chiefly takes 
Place in the lower part, which has no, at 
feaii no apparent, glands; butasa thin tranf- 
parent liquor oozes out on flight preffure, as 

in 
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in the {tomach of birds belonging to the fame 
clafs (xcilI, CLI, CLXVII), we muft con- 
clude, that it abounds in {mall arteries, whieh . 
perform the office of glands. |» ‘ 
cLxxx1x. The death of my eagle hams 
pened a few hours after it had taken food, 
but I could not difcover the caufe. Moft of — 
the flefh was in the craw, anda little only had | 


ry 


defcended into the ftomach. It lay at the * 


bottom near the pylorus, but fhewed no ap- 
pearance of being digefted, whether on ac- 
count of the orb condition of the ani- 
mal, or becaufe it had but juft fallen into , 
the ftomach. It was foftened by the gaftric . 
juices, that tafted very bitter, which, as well 


as its yellow hue, was owing to the regurgi- - 


tation of the bile into the ftomach, and thefe 
qualities were more apparent in the vicinity 


of the pylorus. The flefh in, the crop was — 


not altered in confiftence or colour, except 
that which lay in contact with the fides; this 
was a little difcoloured and fomewhat ten-_ 
derer than at firft, circumftances that agree 
with what was faid at the clofe of the 
CLxxvilth paragraph. 

Upon emptying, inferting, and then inflated 
ing the craw, the furface was covered with a 
multitude of fmall drops, which, when united 


by 


PS 
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‘ by fome flat body paffing over hee formed 


a fluid as tranfparent and thin’ as water; it 


'feemed to have a bitterith favour... Upon in- 


sd 


_ fpecting the places whence the drops arofe, 


they feemed fo many points, which the mi- — 


crofcope fhewed to be minute pores. . Hence. 
it appeared, that every part of the ‘crop a- 
bounds with thefe perforations, which I had 
no hefitation in fuppofing to be the excretory 
ducts of a multitude of glands lying between 
the coats, as I had alfo found in the craws 
Semoener birds (xtix, L, cLixvi1). “In 
fearch of them I diffeéted away the internal 


_ coat, which, in thicknefs and ftrength, re- 


fembles the nervous coat of the ftomach, of 


~ which perhaps it is a continuation. But 


neither in the fubftance, or between it and 
the mufcular coat, did I find any appearance 
like glands. All that I could perceive, when 
I held the internal coat againft the light, was 


_the pores already mentioned, that looked like 


lucid points. Nor did the mufcular or the 
external coats, which laft is membranous, 
contain any glandular body. I was therefore 
obliged to conclude, that the fluid oozing out 
in the form of numberlefs drops upon the in- 


ternal furface of the craw is fecreted, not 
_ by glands, but by arteries too {mall to be 


4 
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vifible. The reft of the cefophagus is alfo — 
full of thefe pores, and the fame fluid iffues 
out from them; no fmall part of which mutt 
run into the cavity of the ftomach, and cons ©. 
tribute to the formation of the gaftric men- | 
ftruum, which is compofed of this and the 
proper fluid of the ftomach, of the bile, aes 
the pancreatic juice, 
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THE SUBJECT OF DIGESTION IN ANIMALS 
WITH MEMBRANOUS STOMACHS CON- 
CLUDED, THECAT. THEDOG. MAN, 
WHETHER DIGESTION TAKES PLACE’ 
AFTER DEATH, 


CXG, HE great difficulty with~which 
cats are made to {wallow tubes, | 

and the facility with which they vomit them, 
hindered me from making experiments upon 
this irritable animal in the manner I could 
have wifhed, Among, however, a vaft num- 
ber of unfuccefsful trials I have once or twice 
fucceeded, and thus have been enabled to il- 
luftrate one chief object of my enquiries, I 
mean the efficient caufe of digeftion. I have 
ufed every effort to oblige this anima] to 
{wallow bread and flefh, their ordinary food, 
R2 enclofed 
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enclofed in tubes, and in two individuals, one 
an adult, and the other a young one, have 
forced them into the ftomach. Both were 
killed, one after having retained tubes filled 
with flefh nine, and the other with bread five . 
hours. The former were found near the py- 
lorus. The outfide was wet with gaftric 
juice, the grating at the ends was entire, as 
alfo were the tubes, upon which there did 
not appear any bruife or other injury. Two 
of the tubes were empty, the third contained 
a bit of the fize of a lentil-feed macerated in 
the gaftric fluid. The center preferved the 
colour, confiftence, and tafte of flefh; the 
furface was changed into a greyith jelly of a 
bitterifh tafte. en 
The tubes containing bread having re- 
mained only five hours in the ftomach, were 
not empty. It had been chewed before it 
was put into the tubes, by which it was 
moulded into the fhape of cylinders fix lines 
and three-fourths long. Thefe cylinders 
were not completely diffolved, a portion about 
four lines long remaining towards the middle 
of the tube, which was externally gelatinous, 
but internally retained the characters of bread. 
This experiment then furnifhes an irrefraga- 
ble proof, that the gaftric fluid, as well in 
the cat as in otheranimals with membranous 
and 
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and intermediate ftomachs, is the efficient 


caufe of digeftion independently of any tri- 


‘ turatin g power. 


_ exci. If the ftomach be inverted and then 
inflated, it will be covered with humidity, 
though care fhould have been taken to wipe 
it dry. This humidity will appear repeatedly 
after the ftomach has been freed from it, a 
phenomenon common, as we have feen, to 
various other animals. It is not poflible to 
difcover the pores from which this fluid if- 
fues by the aid of a microfcope, nor can any. 
glandular bodies be perceived in the coats, or | 
the intervals between them; but when the 
{tomach .is held againft the light, and exa- 
mined with a glafs of great magnifying pow- 
er, 2 number of bright flat mefhes or eyes 
appear through the coats. I could not how- 
ever determine the nature of them, notwith- 
ftanding I confidered the different parts of 
the ftomach with fome attention. 

excit. My fuccefs with dogs was much 
greater than with cats. I could make them 
take more tubes without being liable to the 
inconvenience of having them vomited. I 
could not however force them down the cefo- 
phagus, for this operation was attended with 
the fame danger as in the falcon and eagle; 
whenever J attempted it, the animal ufed all 

| R 3 its 
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its efforts to bite me. But as they would 
{wallow them fpontaneoufly, like thofe birds, 
I had only to conceal them in pieces of fleth, - 
and throw them upon the floor of the place 
where the victim of my curiofity was kept. 
As always took care he fhould be hungry, 
he generally ran towards the flefh, and fwal- 
lowed it eagerly without maftication ; where- 
as, the cat would keep it in the mouth, and 
after chewing it for fome time, throw out 
the tubes generally compreffed by the action 
of the teeth, and {wallow the flefh only. | 

I repeated the experiment that fucceeded 
_ with the two cats (cxc) upon a dog; the 
animal took fix tubes, four full of various 
kinds of animal fubftances, as coagulated 
blood, lights, mufcle, and cartilage; the 
two others contained chewed crumb of bread. 
In fifteen hours the dog was killed, and the 
ftomach examined; it contained only four 
tubes; the other two had not been voided, 
and I fuppofed they muft have paffed on to 
the inteftines, where I found them among — 
the excrementitious matter at the beginning 
of the rectum. Before I defcribe the appear- 
ances in the tubes, I fhall fay a few words of 
the juices with which the ftomach abounded. 
As it contained nothing but the tubes, we 
_ may confider the gaftric juice as pure. It was 
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of a yellow colour, very bitter, almoft with- 
out fmell, not fo fluid as water, and totally 
_ deftitute of inflammability. It evidently 
confifts of two fubftances, one very thin, 
the other vifcid and gelatinous, which was 
_ depofited after ftanding a few hours. If the 
vefle] was fet near the fire the clear part eva- 
porated, and left a cruft which was formed 
_by the gelatinous matter. 

The two tubes that had paffed out eak the 
ftomach were empty, if we except fome ex- 
-crementitious matter that had got in through 
the mefhes of the grating. Of the other 
_ four three were empty, nor could I diftin- 
guifh which had contained bread and which 
flefh. The tough and compact cartilage 
alone filled part of the tube in which it had 
been put, but as far as I could judge by my 
eye, it was half wafted. It exhibited the 
fame appearance as on a former occafion ; it 
was imbibed with gaftric fluid, and had ac- 
quired the fame tafte, at leaft on the furface. 
It was fo foft, that it feemed to approach 
more to the nature of membrane than car- 
tilage. oa 
excill. The refult of this’ experiment 
does not coincide with an obfervation in the 
Praleftiones Academice of the illuftrious 
Boerhaave; publifhed with a commentary by 

R4 Haller " 
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Haller. The paflage is fo important, that I 
muft quote it as it ftands in the. original. 
“* Receptum eft in hominum opinione quod 
offa animalibus fubigantur; cum Helmon- 
tianis olim fenfit Boerhaavius; ut vero certior 
effet, curam adhibuit, ut obfervaret, quid 
cibis fieret in ventriculis. animalium valde 
cibos coquentium, & experimento cognovit 
non fubigi. Dedit cani devoranda inteftina 
animalium, famelicus erat, affatim deglutiit, 
fubegit minime & per extremum inteftinum 
pendula mifere poft fe traxit. Dedit famelico — 
cani offa butyro inun¢ta, reddidit furfura, ne- 
que quidquam diffolvit nifi quod in aqua dif- 
folvi poteft. Dedit carnes, reddidit fibras 
carnis exfuccas. Dedit ligamenta, ea poft 
tridium nihil mutata egeffit (a).” 

I referve till hereafter what I have to fay 
en the famous problem concerning the di- 

: 


(a) It is a general opinion that animals digeft bone, and 
Boerhaave once entertained it in common with the followers of 
V.Helmont. Butin order to be certain, he made the experi- 


“ment upon a fpecies of animal endowed with ftrong digeftive 


powers. He gave an hungry dog fome inteftine, but found 
that inftead of digefting it, that it tormented him by hanging 
out of his anus. Bones dipped in butter were alfo given to an 
hungry dog, but he returned the fragments without diffolving 
any thing more than water is capable of diffolving. W hen, he 
tried flefh the fibres were voided with their juices expreffed, and 
ligament was voided in three days unchanged. 


geftion 
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geftion of bone by dogs, and now confine 


myfelf to that part of the experiment that | 


relates to the inteftine, flefh, and ligament. 
I muft candidly own, that the different re- 
fults obtained by Boerhaave and myfelf fur- 
prized me. My furprize increafed when I 
confidered, that the fubftances were loofe in 
the ftomach of his dog, and of courfe more 
liable to be attacked and diffolved by the 
gaftric liquor; whereas my tubes muft more 
or lefs impede its accefs. Upon further re- 
flection it occurred to me, that perhaps the 
-dog was affected by fome internal malady, 
_which might alter the properties of the gaf- 
tric fluid, as in the owl mentioned in the 
fourth differtation, of which the gaftric fluid 
_was rendered unfit for digeftion by too long, 
fafting (cLi1). This reflection however was 
not quite fatisfactory, and therefore to clear 
up the matter, I thought it would be better 
to repeat Boerhaave’s experiment, and give 
a dog fome inteftine, in order to fee what 
changes it would undergo in the alimentary 
canal. A middle-fized dog accordingly eat 
four pieces of the colon and ileum of a fheep, 
and at the fame time took two tubes, con- 
taining each a portion of the fame inteftines. 
The tubes were voided before the time I had 
fixed for killing the animal, for both were 

found 
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found among the excrements within about 


eleven liours after they were {fwallowed. When 
the tubes were wafhed clean, I found that 
the pieces of inteftine were about half di- 
gefted. The folvent having a&ted upon both 
furfaces had reduced their thicknefs confi- 
derably, but: what was left ftill retained its 
original ftructure. I then wafhed the ex- 
crements, and difcovered feveral pieces of in~ 
teftine, wafted indeed, as well as thofe con- 
tained in the tubes, yet eafily diftinguifhable. 

cxciv. This experiment does not exactly 
coincide with that of Boerhaave; it is not 
however totally repugnant to it, fince the 
oar of inteftine were not completely dif- 
olved. My long acquaintance with the cir- 
cumftances attending digeftion gave rife toa 
conjecture, which I refolved to fubmit to 


the teft of experiment. The digeftion of - 


thefe pieces of inteftine, faid I to myfelf, was 
not complete in the fhort {pace of eleven 
hours (cxc1i1); but may it not be fo in a 
; longer time? Is not the quantity of folution 
in fome meafure proportional to the quantity 


of time? Does not this appear from unde- — 
, niable facts related in the foregoing differ- — 


tations? 


 Inorder to verify my conjecture, I had only — 


to contrive a method to prevent the inteftine — 


from. 


x " wa 
a a 


- a 


DISSERTATION. V. Ost 


from paffing fo foon through the pylorus; and 


this, I conceived, might be done by enlarg- 


ing the tubes beyond their ufual fize. I got 
the laft-mentioned dog to take three fail 


tubes filled with as many pieces of the large 


inteftine of a fheep, as amounted to half an 


ounce and four penny-weights. The tubes 
were concealed in pieces of the fame intef- 
tine. The dog, which as ufual, was hungry 
at'the time of the experiment and was ftill 
kept fafting, voided fome excrement in twen- 
ty-one hours, and upon minutely examining 


‘it thought I had fome foundation for be- 
lieving, that my conjecture was not fallaci- 


ous; for though fome membranous and fi- 
brous fragments appeared among it, which 


could be nothing but pieces of the inteftine 


in which the tubes were concealed, yet they 


were much more wafted, and much lefs eafily 


diftinguifhable than in the former experi- 
ment (CxcCII1), on account of their longer 


continuance in the body. As the procefs of 


_ digeftion is lefs rapid in the tubes than in the 


open ftomach, I let the dog live twenty hours 


longer, when the three tubes had remained 


forty-one hours in the ftomach. They all 


three Jay clofe together at the inferior orifice 
of the ftomach, wrapped up in fome bits of 


: rag, which in all likelihood the animal had 


{wallowed 
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fwallowed before the experiment, and both 
the tubes and rags were immerfed in gaftric 
fluid. I make no mention of this juice, - 
having found it to poflefs the properties de- 
{cribed in the cxciid paragraph. The rea- 
der is more interefted in knowing what hap- 
pened to the inteftines contained in the tubes. 

N othing could have fucceeded better than this 
experiment: two of the tubes were empty, 
and what remained in the third did not amount 
to eleven grains; and thus I had the fatis- © 
faction of finding, as I had conjectured, that — 
the incomplete digeftion of pieces of inteftine | 
fometimes obferved in dogs, is no proof of. | 
the inability of the gaftric fluid to diffolve 
them; it only thews, that they have not been — 
long enough fubjected to its action. Hence 
the reafon of Boerhaave’s miftake appears 
evident. Perceiving fome inteftine which he — 
had given to a dog hanging out behind, he 
concluded that the animal could not digeft 

- fach fubftances (cxcer11); whereas from the. 
facts juft adduced it is obvious, that they had _ 
m dnly not continued in the ftomach a fufficient j 
length of time. 

_exev. Thefe facts alfo thew, that fleth . 
lofes its fibrous ftru@ture in the ftomach of — 
the dog, and it retains only when it happens. 
to be voided foon after it has been fwallowed, - 
But | 
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- But it might be objected by a rigid partizan 
of Boerhaave, that I have not f{trictly proved, 
that the folution extends to the fibres; for 
they may have been gradually feparated from 
the common mafs, and paffing out at the 
pores, and efpecially through the mefhes of 
the lattice-work, have left the, cavity of the 
tube empty. I therefore thought it would 
be proper to throw further light upon the 
fubject by a decifive experiment. If pieces 
of flefh were inclofed in purfes of very thick 
linen, they would either be diffolved and leave 
no veftige behind them, as by other animals in 
like circumftances (LXVII, CLXXX, CLXxx1); 

and in this cafe we muft infer, that dogs are 
capable'of diflolving fleth. completely, or elfe 
the fibres would remain in the purfes, and 
then we fhould be obliged to agree with Boer- 
haaye, that the digeftion of fleth by dogs 
_ confift in expreffing the juices and converting 
them into chyme, while the folid parts re- 
mained unaltered. But along with the flefh 
I fubjeéted harder and more tenacious animal 
fubftances, fuch as tendon and ligament, to 
the teft of experiment. Six bags of very 
_ thick linen were given to two dogs ; four con- 
taining four different forts of flefh, viz. beef, 
veal, horfeflefh, and mutton; and the two 
- others tendon and ligament of an ox. Each 
bag 
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bag contained a quarter of an ounce; and it — 
is to be obferved, that the contents were not _ 
cut into {mall pieces. Being apprehenfive 
left thefe bags, though of fome bulk, would 
pafs through the pylorus before the time for 
examining them, | tied to each a bit of dry 
fpunge. They continued four days in the 
ftomachs of the two dogs; but fearing left 
fo long a faft might be hurtful to the animals, — 
and Le courfe dihurh the procefs of digeftion, © 
i fed them feveral times, though rather ipa- 
ringly. At the expiration of "he time juit 
mentioned, I killed, and immediately opened / 
them. The experiment fucceeded juft as T | 
could have wifhed; for all the bags were in 
the cavity of the ehadone Sufpecting that 
they might have been torn by the teeth of the 
dogs, I took particular care to examine them, 
but they were whole, and the four firft upon 
being cut open were as empty as if they had 
never contained any fleth, but of the tendon 
and ligament there remained about the fize of — 
_'a hazle-nut; there was no hole in either of 
the bags. The: tendon appeared, upon being | 
weatiad to have loft three-fourths, and the © 
ligament above one. half. I examined with ' 
particular attention, whether this diminution 
of bulk and weight arofe from the expreffion — F 
of the juices, but the contrary was evident; 
ae 3 . 3 for 
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for they were as pulpy and moift as at frit. 
' Hence I had every reafon for concluding, that 
the gattric fluid had really attacked and dif- 
folved the folid parts, fo as to enable them to 
pafs through the pores of the linen. The 
fame thing had happened-to the flefh. ‘The | 
folution was ftill further confirmed, by the 
condition of the external ftrata of the tendon 
and ligament, which were become fo tender’ 
as to be torn by the flighteft violence. Iwas 
thus fully convinced of the efficacy of the gaf- 
tric fluid of the dog in diffolving the fibres 
both of flefh, tendon, and Huan: though 
the procefs is lefs rapid in the latter on ac- 
count of their greater tenacity and harfhnefs. 
That Boerhaave’s dog fhould void the liga- 
ments unchanged on the third day (ea pof — 
triduum nihil mutata egefit, cxct11), if by — 
this expreflion he means that they retained 
the nature of ligament, and it feems incapa- 
ble of any other interpretation, I have not 
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the fmalleft fcruple in believing, having feen 


the fame thing in a ligament that had been 
four days in the ftomach of a dog. It had 
indeed undergone a confiderable diminution, 
2 circumftance which the celebrated Dutch 
phyfician would alfo have obferved if, inftead 
pe judging by his eye, he had taken the pre- 


- caution ~ 


| 


“ 
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caution of weighing it before it was fwal- 


lowed, and after it had been voided. 
cxcvi. We now come to confider whe- 


ther dogs are capable of digefting bone; a — 


problem which, if we may rely upon the ob- 


fervations of feveral celebrated phyfiologifts 


and phyficians, would appear to be decided 
in the negative. We have already feen that 


done (cxcii1). This he alfo endeavours to 


confirm by the following remark: ‘* Deinde 
in ftercore canino, quod Album Grecum vor 


cant, fragmenta offium pene non mutata re- 


Boerhaave’s dog, after having eaten bones — 
dipped.in butter, produced no other change — 
‘upon them than fimple water would have 


periuntur, & fit mera offium'rafura, gue 
dentibus canis adrofit, exfuccorum & in unam > 


maflam reductorum.” It appears from fome 
notes on this paflage and from his great 


work (a), that his illuftrious difciple, Albert — 


Haller, adopted the fame opinion. Dr. Pozzi 


alfo afferts in his work quoted above (x111), 
_ that dogs do not digeft bone. Of the two 
; experiments which he relates, the following — 


appears the moft conclufive. He gave a dog 


_ that had been kept fafting for five days three — 
bones which, though de the animal fwal- 
lowed for the fake of the butter with which _ 

% 
they 


(a) El, Phyf. hig 6. 
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they were anointed. One of the bones weighed 
three ounces, another two, and the lira 
one. In three days they were wee and 
had only loft fix grains. 

’ Such are the ftrongeft arguments adduced 
by phyfiologitts again{t the vulgar opinion. 
This opinion bowers found in Reawaas an 
able advocate, one’ who eminently poffeffed 
the difficult art of making experiments with 


‘fuccefs. Of the feveral productions by which 


he has finalized himfelf, none have contri- 
buted more to his reputation, than the two 
beautiful memoirs on digeftion, which I have 
fo often quoted with applaufe. To illuftrate 
the prefent curious and interefting fubjec& he 
made the following experiment (2). “Two 


“compact cylindrical bones, each feven lines 


long and two in diameter, were given to a 
fmall bitch, which was killed in twenty-fix 
hours. ' The bones that were ftill in the fto- 
mach were diminifhed in bulk, and it ap- 
peared to him that feveral lamine were re 


moved. ‘They had moreover acquired the — 
flexibility of horn, though they were at firft | 


rigid and inelaftic. Hence he infers, that 


they had been in part diffolved by the cule, : 


Bareie 
(a) Mcm. 2. 
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CXCVILS, ‘Having. noticed the experiments 
of others, let merelate myown. In the fto- 
mach ‘and inteftines of the dog, mentioned 
in the cxciid paragraph, I found feveral 
pieces. of bone. -They feemed to belong to 


fome quadruped, probably a fheep, and muft 


have been eaten before the dog came into my 
poffeflion. I did not weighthem, but as far 
as I could judge by infpection, they amounted 


‘to above fix ounces. Upon wafhing and — 


then examining them attentively, I perceived 
feveral fcars and longitudinal furrows, of 
which I doubted whether they were produced 
by the gaftric liquor or the teeth of the dog; 


befides, many of the. angles and edges were > 


evidently blunted, at the fight of which the 
idea of what happens to the hardeft bodies in 
a mufcular ftomach, recurred. I moreover 
obferved, that thefe places were not fo hard 
as the thicker parts of the bone. But thefe 
phenomena only fuggefted doubts, which I 
refolved to diffipate by the light of experiment. 
I therefore filled fome tubes with piecés of 
bone, and gave them toa dog. The bones 


were of various kinds and degrees of hardnefs: _ 


the tubes, which were two in number, were 
put into a bag of linen, in order to prevent 


the bits of bone from getting out. To al-. 


low the gaftric juices a proper time for pro- 
ducing 
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ducing their effeéts, the dog was fuffered ta 
live for feven days, and during this time was 
fed moderately. One of the tubes, though 
_ they were rather large, had paffed into. the 
cecum, and was furrounded by feculent 
matter; the other remained in the fto- 
-mach. They were neither of them empty, 
but their contents, which at firft weighed’ 
three-fourths of an ounce and eighteen grains, 
now amounted only to four penny-weights 
and feven grains. All the angles and edges 
were deftroyed. The foftett bones had fuf- 
fered moft. They could now be eafily cut in 
the thin places with a knife. The thinneft 
__ parts of the bone were diffolved and had paf- 
- fedthrough the bag, not a veftige of them 
remaining. This experiment proves two 
propofitions, viz. that the digeftive powers 
of the dog act upon bone as well: as flefh;. 
though the latter, on account of its foftnefs, 
is more {peedily diffolved, and that the gaftric 
_ juices are the fole efficient caufe of digeftion. 

cxevili. This experiment was repeated 
three times, and the refult was effentially the 
fame; but there occurred two circumftances 
that dateive to be noticed. One of the dogs. 
produced only a fmall diminution of the bones 
in eight days, though it was fed plentifully, 
and feemed to be i in perfect health the whole 
D 2 time, 
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time. This fhews, that little or no effec 
being produced upon the bone, which fome- 


times happens, as in the cafes alledged by 


Boerhaave and Pozzi (cxcvi), is no proof of 
the inefficacy of the gaftric fluid of this ani- 
mal; it only fhews, that the digeftive powers 
are unequal; nor ought this to excite our 
furprize, as the fame thing is obfervable in 
our own fpecies. 

The other remarkable circumftance, to 
which I alluded, is the reverfe of the prece- 
ding. Among the bones given to one of the 
dogs, were two dentes ‘ieee from the 


upper jaw of a fheep. It has been already 


obferved, that the enamel of the teeth re- 
 ceives no- injury from the gaftric fluids that 
are capable of diflolving the hardeft bones, 


fuch as thofe of the eagle and falcon (crxt, 
CXXxI1I); yet the gaftric fluid of the dog in 
queftion, damaged this compact fubftance. 
I have now before me the two teeth, which 
I keep as a curiofity. . The enamel of one is 
corroded in two, and of the other in three 
places; the five cavities are above a line long, 
and penetrate to the nucleus of the bone. 


The roots of the teeth were almoft entirely | 


deftroyed. The powerful menftruum of the 
ftomach, had made greater havock among 
the other bones that were enclofed along with 


the © 
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the teeth; the excavations as they were 
wrought in a tenderer fubftance were more 
confiderable. Upon comparing this pheno- 
menon with the furrows mentioned in the 
cxeviith paragraph, I have no doubt but 
they were occafioned by the gaftric folvent. 
It deferves to be remarked, that in the cafe 
_ where the enamel of the teeth was deftroyed, 

‘the linen bag had not fuftained the fmalleft 
injury, though the folvent neceflarily paffed 
through it: nor is this to be wondered at; 
for we have inftances of many gaftric fluids 
that are capable of decompofing the moft 


compact animal fubftances, thou gh they donot 


produce any effect on the fofte{t vegetable mat- 
‘ters (Cxivi, civ1). This is alfo true of che- 
mical menftruums; the nitrous acid diflolves 
the hardeft calcareous ftones, but leaves the 
moft friable gypfum and clay untouched, 


excix. Though my experiments on dogs . 


‘decifively prove, that digeftion is the effect 


of the gaftric fluid alone; yet it was proper 


to enquire, whether the fides of the ftomach 
have any motion during digeftion, and what 
that motion is? There were two ways of 
making this enquiry; mediately, that is, by 
._ the effects; and immediately, that is, by 
opening the abdomen and infpecting the 
_.. ftomach, 

; i 8 3 With 


as 


Mi 


= eis 


262 DISSERTATION V. 
With refpect to the firft mode, though I 

_was certain that the f{tomach of the dog had » 

. io confiderable motion, becaufe neither the 
tubes nor the bags had fuftained any injury ; 
' yet in order to fee whether it has any motion ~ 
at all, I gave a dog fome thin tubes open at 
the ends, which were therefore liable to be 
-compreffed by the fmalleft violence. But I j 
could not find the leaft contufion upon them, 


after they had been three days in the ftomach. 


_ The infpection of the tubes, however, pre- 
fented a phenomenon which fhewed, that 


the fides of the ftomach had not been inac- 


tive all the time. Upon opening this vifcus 
I found a mafs of hairs, which were of a r. 
different colour from thofe of the dog, and y 
could not therefore have been fwallowed 
while the animal was licking itfelf. They. 
mutt have belonged to fome ether animal a 
_ that had been devoured by the dog, before it 
~ fell into my hands. Many of cHege hairs had 
likewife got into the tubes; which muft have 
been effected by the action of the ftomach.. 
+ ec. I opened five living dogs, taking care | 


' _. not to wound the ftomach. This operation 
was performed’ foon after they had taken” 


food ; for I prefumed that the mufcular fie 

thee irritated by the diftenfion, would con- » a 

tract more evidently at this time. The Px: 
ftomach 


ain 


_ mach, but it continued. only a little while. 


be 


bandtinihied to fucceed each other in the places 


the ftomach of t the fourth dog, but irritation 
Y would excite it. And it was in this cafe « con- 
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ftomach of the firft was perfectly quiefcent 
when it was left to itfelf. But ‘when the 
point of a knife was drawn over it, the parts | 
that were touched and thofe that were a “4 
cent immediately contracted, and then re- . 
ned to their former fituation. Upon 
dase ine round a ligature above the cardia 
and below the pylorus, and taking the ito- 
mach out of the body, I thought I ‘perceived 


a flight periftaltic motion, Bie it wasof fhort =~ 
mr 
duration. The contraction and dilatation =~ Ar 


that weré touched with the knife, or anyir- » ; . a 
ritating body, for half an hour. The fto- 


mach of the fecond was not only deftitute of 


{pontaneous motion, but was infenfible to) 


Zz 
» 


every ftimulus. In the third ftomach the 
periftaltic motion was very conf{picuous; the ~~ 
contraction. began juft below the fuperior ; 
orifice, and proceeded with a gentle undula~. 
tion to the pylorus, and the dilatation regu- 
larly followed. This fpectacle lafted for even 
minutes. And I could refufcitate the mo- 
tion by irritating the upper part of the fto- > 


I he periftaltic movement did not appear on ~ ll 


fined to the ring or circular band correfpond- 
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ing to the place where the ftimulus was. ap~ 
_ plied. _ This band contraéted gently, and the 
diameter of the ftornach ‘was fenfibly dimi- 
nifhed; in a few minutes it dilated juft as 
flowly. In the fifth flomach the periftaltic 
motion was as apparent as in the third; it 
lafted fome minutes longer, and when it had 
ceafed in all the other parts of the vifcus, a 
band juft above the pylorus continued thefe 
alternations. ‘The contraétion was fo confi< 
derable, that the oppofite fides of the fto~ 
mach almoft touched each other; but ‘all 
thefe motions were exceedingly flow, nor did 


the fides of the ftomach ever dilate or con- _ 


tract fuddenly or forcibly. | 
| cc1. At the fame time I examined the fto- 
mach of fome cats in the fame manner. The 
refult was exactly alike, A gradual move- 


ment of contraction and dilatation, beginning ~ 


at the upper end and extending to the lower, 
was generally perceptible, ie? 

_ All thefe experiments, and the reader will 
find fimilar ones in Haller, though made 
with a different view-(@), clearly thew, that 
the motion of the ftomach of the dog and 
cat are not capable of triturating the food, 
but calculated to’carry it flowly from the fu- 


(2) Mem, fur les part. irrit. & fenfib, 'T..1. 


perior 
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-perior to the inferior orifice, and thence ex- 
pel it into the duodenum. 
From the great number of dogs that were 
fubjected to hate experiments [ collected a 
Jarge quantity of gaftric fluid, and found it 
as capable of producing an incipient digef- 
tion out of the body, as that of the other 
animals mentioned above, both of boiled and | 
raw meat, and likewife of feveral vegetables. 
It was however neceflary to apply a pretty 
ftrong heat, and to change the liquor feveral 
times, asin other inftances. 
ecii. Blafius, in his laborious ana accu- 
tate anatomy of the dog, fays, that the in- 
_ternal coat of the Goch is compofed of a 
congeries of glands (a), My opportunities 
of iekebinine this have been frequent. I 
have examined it with my naked eye and with 
the microfcope, but could never perceive any 


glandular appearance. Upon wiping it dry: 


and prefling it, it was covered with an aque- 
ous exfudation, but I could not diftinguifh 
the pores from which this exfudation iffues. 
I haveexamined feveral pieces with the folar 
and the fimple microfcope, and in fome per- 
ceived a vaft number of lucid points, while 
in others there appeared nothing of this kind. 
I then examined the back part, which is con- 


(a) Anat. Anim, 
y tiguous 
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tiguous to the nervous coat, and immediately 3 
faw, that it is compofed of a congeries of © 
oblong particles, of a pale flefh-colour, clofe- _ 
ly compacted together. Thefe are probably 
the glands of Blafius; but I cannot affirm 
that they are really glands, not having been 
able to diftinguith the characteriftic tials of 
glandular. bodies in them. But however this 
may be, it is certain they are deftined to 
tran{mit a fluid into the ftomach; for when- — 
ever they are preffed, the above-mentioned 
exfudation appears upon the internal furface. 
And this fluid may be expreffed feveral days — 
after the ftomach has been garies out of the © 
body. a 
I have before faid, that the pores from — 
which the gaftric liquor iffues are invifible; 
but the parts contiguous to the pylorus muft | 
be excepted, in which they are very confpi- ~ 
cuous. Upon comparing the fluid that thus ~ 
eozes out with that which is collected in the ~ 
ftomach when it is opened, we fhall find a © 
very ftriking difference. The latter, as we © 
have feen above, is yellow, bitter, and fome- 
what gelatinous (cxci1).. But the former 
has not one of thefe properties, being co- — 
lourlefs, infipid, and very fluid. Hence it © 
is evident, that the gaftric liquor of the dog, ~ 
that liquor which i is the efficient caufe of . # 
geftion, 
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ecition, confifts, as in other animals, of {e- 
-veral different principles, viz. of faliva, of 
the cefophageal' juice, of that which is pe- 
culiar to the ftomach, of the pancreatic juice, 
and of bile. | 

cciii. To complete my vdfeateh nes On ani-~ 
mals with membranous ftomachs, it remain- 
ed to examine that of Man. One may indeed 
draw very plaufible inferences concerning 
human digeftion, from obfervations on he 
other fpecies of this numerous clafs ; efpecially 
‘from birds of prey, the cat and dog, which 
-refemble us fo much in the ftructure of the 
ftomach. But analogical arguments are pro- 
bable indeed, but not conclufive. And it is 
an obje&t of much higher importance to at- 
tain certainty in Man than in animals. In 
_ the writings of antient and modern phyficians 
no topic is more frequently difcufied, yet 
there is little elfe befide fuppofition: dire&t 
experiments upon Man are entirely wanting, 
and their refearches are illuminated only by 
the twilight of conjecture, and fupported by 
precarious hypothefis. If therefore it was 
necefiary on other occafions to have recour{e 
‘to experiment, on the prefent it was abfo=- 
lutely indifpenfible. Upon reflection it ap- 
peared, that the principal experiments were 
reducible to two heads, viz. to procure hu- 
an 
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man gaftric fluid, in order to examine it in 


the manner that of animals has been already 
examined; and to fwallow tubes full of va- 


rious vegetable and animal fubftances, in 


order to fee what changes they undergo in 
the ftomach. I will candidly own, that the 


latter kind gave me fome apprehenfion. ‘The | 


hiftories of indigeftible fubftances occafioning 
troublefome fymptoms, and being vomited 
after a confiderable time (a), occurred to my 


-mind. 1 alfo recollected inftances where © 
fuch bodies had ftopped in the alimentary — 


canal. Other facts however where the reé- 
 fult was contrary, and of more frequent oc- 
currence, gave me confidence. Thus we 


— 


every day fee the ftones of cherries, medlars, i 
plums, &c. fwallowed and voided with im-- 


punity. This confideration at laft deter- 


mined me to make a trial with as great cau- 


tion as pofiible. 


Geis: {wallowed i in the morning fafting \ 


a linen bag, containing fifty-two grains of © 


matticated bread. All the following expe= — 


riments were made under the like circum- 


vm 


ftances. I retained the purfe twenty-three % 


hours without experiencing the {fmalleft in- 


convenience, and then voided it quite empty, ~ 


\ 


(a) Haller, Phyf. T. 6. 
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The ftring ufed for fewing and tying it was 
entire, nor was there any rent in the bag it- 
felf. Hence it is plain, that it had not re- 
ceived any damage either in my ftomach or 
inteftines.. The fortunate refult of this ex- 
periment gave me great encouragement to 
undertake others. I immediately repeated 
it with two of the fame bags, with this va- 
riation, that one was double, and the other 
had three folds. My motive obvioufly was 
to fee, whether thefe additional folds would 
impede digeftion. The bags were voided in 
twenty-feven hours, and the double one was 
empty; but the other {till contained a {mall 
 guantity that had yet the characters of bread. 
ccv. From vegetable I proceeded to ani- 
mal fubftances. In a fingle linen bag fixty 
grains of boiled pigeon were enclofed, and 
in another the fame quantity of boiled veal; 
both previoutly mafticated. The purfes were 
voided in eighteen hours and three-quarters, 
and the flefh was entirely confumed. | Inftead 
_ of fixty I next took eighty grains, of which 
the bulk was not fo great as to make me ap- 
prehend any danger from its {topping in the 
_ efophagus, and “fill lefs from its not getting 
out through the pylorus, as at that time it 
muft of neceflity be very much diminithed in 
“bulk, The fleth had been previoufly boiled 
| and 
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and mafticated. I retained <it twenty-nine 5 
hours, at the expiration of which time there 
remained eleven grains undiflolved. This 
fleth differed in appearance from that which 
is taken undigefted out of the ftomachs of 
animals. The furface of the latter is gela- 
tinous, but the former was as void of fuccu- 
Tency as if it had been fet under a prefs. 
This appearance, which is analogous to that 
of the bread in the preceding experiment 
(cctv), made me fufpect, that perhaps the 
human ftomach might poflefs a power of 
comprefiing its contents, though ‘others of 
the fame ftru€ture are deftitute of fuch a 
power. Itherefore determined to bring this — 
fufpicion to the teft of experiment. 
ccvi. Finding that I could digeft dreffed © 
meat that had been mafticated, I wifhed to 
Know whether I was capable of digefting it — 
without maftication. I fwallowed eighty ~ 
grains of the breaft of a capon, enclofed in a 
bag. The bag was retained thirty-feven 
hours. So longa fpace had produced con- — 
fiderable aitacies for it had loft fifty-fix — 
grains. The furface of the remainder, was 7 
dry, but the internal fibres appeared to be — 
more fucculent. < eee feemed to have 
gone on uniformly, for the piece retained its 
original fhape. | 
ccyii fl 
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eevit. I next wifhed to know whether 
this drynefs of the furface would be obferved 
in raw as well as dreffed flefh. I did’ not 
doubt but I fhould digeft it in this ftate more 
or lefs {peedily; for the human ftomach is 
adapted to the digeftion of the one as well as 
the other, whole nations living upon raw 
flefh, and raw fith being eaten in fome ma- 
ritime countries; not to mention that oyfters, 
cockles, &c. in the ftate ihey are taken, are 
among the delicacies of the elegant and luxu- 
rious, though a food of Aipeenlt digeftion. 
I took fafting fifty-fix grains of raw ees and 
‘as much beef, enclofed in two bags, which 
were returned about the middle of the next 
day. Of the veal, as it was the tenderer, 
‘there remained fourteen grains, and of the 
_beef'twenty-three. In both there was the 
fame drynefs on the furface as if the bags. 
had been wrung, or prefled by fome external 
violence. : 
eeviit. As then this phenomenon is con- 
ftant, are we to fuppofe, that the digeftion of 
flefh and bread,. which is produced by the 
gaftric fluid within the bags, is aided by the 
periturating power of the {ftomach? Does any 
ch power exiit at all? I could devife no 
‘better means of folving thefe doubts, than by 
obferving what Lapiens to animal and vege- 
4 | table 


272 Dit) § CtEt Rk FA ATO he, ae 


- 


table fubftances- enclofed in tubes. Should 
they either not be at all or imperfectly digef- — 
ted, we muft infer, that there was wanting 
{ome circumftance either neceffary, or at leaft 
expedient; and we might prefume, that itis 
trituration. ‘ I was then under the neceffity 
of fwallowing tubes. Having futfered no- 
thing from the former experiments, I en- 
tered upon thefe without much apprehenfion. Y 
Inftead of tin I had my tubes made of wood, 
fearing left the refidence of the metal in the — 
ftomach and bowels fhould be productive of ~ 
bad confequences, although I never perceived © 
any in other animals. The gaftric fluid had | 
never corroded it, the furface was only turned — 
black. My wooden tubes were five lines in” 
length and three in diameter. The fides were, — 
as wheal: perforated with a great number of © 
holes, in order to allow free ingrefs to the 


juices of the ftomach, along the whole length 


of the tubes, as well as at the ends. ‘To™ 
prevent the entrance of the foeculent matter — 
during their paflage through the long track 
of the inteftines, they were enclofed in linen 
bags, a precaution not always employed upon 
other occafions of the like nature. At -firft 
I took a fingle tube, containing thirty-fix 
grains of boiled veal previoufly mafticated. — 
The tube§ was voided empty in twenty-two _ 

: hours, 


— 
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hours. The cover of linen was entire, and 
had prevented’ any extraneous matter from 
getting in. | 
ccix. This experiment, which is by no 
means favourable to the doctrine of tritura- 
tion, induced me to attempt others before I 
drew any conclufion. As the tube was ca- 
pable of containing above thirty-fix grains, I 
put in forty-five. I retained it feventeen 
hours. There was a refiduuin of twenty-one 
grains; and now appearances were changed ; 
the veal not only had its natural fucculence, 
but the furface’was foft and gelatinous, the 
center alone remaining Brie The jelly 
was {weet, its fmell was not at all putrid, 
any more than that of the refiduums in the 
purfes. ‘Thefe appearances were obferved in 
three other experiments with boiled, and one 
with raw fleth of feveral different kinds. I 
hefitated not to conclude, that in Man, as 
well as numberlefs other animals, the gaftric 
fluid digefts the food without the concurrence 
of trituration. It is indeed not poffible that 
it fhould concur ; for I have direct proofs, that 
no mufcular aétion capable of producing fuch 
effects is ever exerted by the human ftomach. 
Among the wooden tubes employed in thefe 
experiments, I procured fome to be made’ fo 
thin that the flighteft preflure would crufh 
MOTs Le : T them 
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them to pieces; and though | I frequently ufed 
them, not one was ever broken. If I took 
off the linen cover, which was always entire, 
and examined them with ever fo much at- 
tention, I could never perceive the fmalleft 
fiffure. 

ccx. Thefe perfectly coincide with the 
following facts.. Cherries and grapes are faid 
to be voided entire (2). I refolved to afcer- 
tain by my own experience the truth of thefe 
obfervations. I firft {wallowed four unripe 
grapes, becaufe in that ftate they have greater 
firmnefs. In a day they were all voided with — 
the fkin whole; the colour was changed from 
a greyith white to yellow. ‘I next made trial 
of ripe grapes, which, as every one knows, 
burft on the flighteft preffure. Of. twenty-. 
five which I rerallawed eighteen were voided 
entire, of the other feven the fkins only ap- 
peared. I made the fame experiments with 
many cherries, as well ripe as unripe, and by 
‘far the greater number were voided entire. 
- 'Thefe experiments, together with thofe made 
on the thin tubes, afford’ the moft conclu- — 
five evidence, that no triturating’ force i is exX- 
erted by the human ftomach. 

I thall be perhaps afked, what is the ‘caule 
ys the drynefs of the fibres, ‘fo often vii 
(2) Haller, Phyf.T.6. 0” Cibt ae 

alt V a 
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in flefh enclofed in the linen bags, which , 
would appear to have. been: forcibly. prefled, 
(@GIN, -Cey,: Ca¥, cevi1)? _ Upen confi-, 
dering the matter I was:led to. fuppofe, that 
_ the inteftines are more. concerned in.this phe- 
nomenon than the ftomach. While the bags, 
remain in the ftomach, the flefh is.converted. 
_ Into a gelatinous matter; for thereis.no’ rea= 
fon to believe that this happens in the tubes 
only, and not in the bags. But. when. they 
are protruded into the inteftines, . they: mutt, 
be. furrounded and. preffed by the -feeculent 
matter... Hence, the jelly is {queezed out, 
and the fibres lofe their fucculence.. And 
this, not the action of the fttomach, I take to 
be the reafon why. cherries and. erp are 
now and then burit. 


ccx!. Having thus, eftablihed: ves fins 


damental eG ticina cite, that the.digeftion 
of fleth and bread is produced in-my stomach 
by the gaftric fluid independently-of, tritura- 
tion’ (CCIy; CCV, .CeVI,. COMII,, -CeVIl, 
ccix, ccx), I had before.me/a, fine field. for 
experiments that could not, fail to fuggeft 
fome important truth. . The neceflity of maf= 
tication is fufficiently known. ‘There is, per- 
haps, no perfon who. has not fomé, time or 
‘other been fubject to indigeftion for want of 
waving. chewed his food properly,..,In the 

T 2 courfe 
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coarke of my experiments I had fwallowed 
fome mafticated flefh, and fome without maf- 
tication; but having never taken care that it 
fhould be of equal fize, I had no term of 
comparifon, and hence was not certain which 
was moft fpeedily digefted. I therefore fup- 
plied this omiffion in the following manner. 
I took two pieces from a pigeon’s heart, each 
weighing forty-five grains, and having chew- 
ed one as much as I ufed to chew my food, 
enclofed them in two tubes, and fwallowed 
them at the fame time, but without attain- 
ing the end I had in view; for the tube con- — 
taining the chewed flefh was voided intwen- _ 
ty-five hours, and the other in thirty-feven, 
both empty. Another experiment made un- 
der the fame circumftances fucceeded better, 
both the tubes were voided in nineteen hours, 
and I then faw how much digeftion is pro- | 
moted by maftication. Of the mafticated 
flefh there remained only four grains, where- 
as of the other there were eighteen left. This 
was confirmed by two other experiments, 
one made with mutton, the other with veal. 
The reafon is obvious. Not to mention the © 
faliva which moiftens the food and predifpofes 
it to be diffolved, it cannot be doubted, that 
when it is reduced to pieces by the ation of 
the teeth, the gaftric fluid penetrates more 
readily, 


’ 
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‘readily, and by attacking it at more points, 
diffolves it more fpeedily than when it is 
whole. ‘This is true of menftrua in general, 
_ Which always diflolve bodies fooner when 
they have been previoufly broken in pieces. 
This is alfo the reafon why in other experi- 
ments, maiticated bread and dreffed fleth were 
more readily diffolved than unchewed bread 
and raw flefh. The boiling had made it ten- 
_ derer, and confequently difpofed it to allow 
ingrefs to the gaftric fluid. | 

ccxil. It is an opinion common among | 
modern phyfiologifts, that flefhy fibres, ‘ten- 
don, cartilage, and bone lofe their juices in 
the human ftomach, but that the folid parts 
are not diflolved or digefted. With refpect 
to flefhy fibres, I muft differ from them, 
having clearly proved the contrary by expe- 
riment (ccv, ccvili, ccx1). As I could 
bring the other fubftances to the fame teft, 
I would not neglect an enquiry of fo much 
importance. I at firft took membrane en- 
clofed in a-tube without maftication or divi- 
fion, weighing about fixty-five grains. The 
tube was voided in thirty-two hours, and 
_ prefented the following appearances: The 
membrane was entire, but feemed thinner 
and fhorter. It weighed only twenty-eight 
grains. ‘This diminution, however, was not 


- 3 a fuf- 
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a fufficient proof of the folution of the folid 
parts; it might depend upon the privation of 
the fluids.’ - It was therefore proper to return 
it into the ftomach, ‘and wait the refult. The 
membrane was voided in fifteen hours; it 
was {till in one piece, but exceedingly redu- 
ced, weighing now only five grains.» This 
‘petty remainder I fwallowed a third time; the 
tube was voided in twenty-two hours, and 
‘was now completely empty. I afterwards 
obferved the fame phenomena in membranes 
of greater thicknefs and tenacity; and I once 
digefted the aorta of ‘a calf after it had been 
‘boiled! The only difference I could perceive 
‘was, that the compaéter membranes required 
more ‘time to be diffolved. | 

cexrit. I made experiments upon carti- 
lagé and tendon at the fame time. To avoid 
‘difgufting the reader by too particular a re- 
cital, I will only mention the bare refults. 
The cartilage was more {peedily diffolved than 
‘the tendon, the former being ‘totally con- 
fumed in eighty-five and theatter in ninety- 
feven hours. Both were taken from an Ox, 
and had been previoufly boiled for half an 
hour. ' | | 

ccxiv. Bones {till remained, and I: fub- 
mitted fome both of a hard and foft’ texture 
‘to experiment, The latter were completely 


diffolved, 
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diflolved, and required about the fame time 
_ as cartilage. But the former underwent no 

| He ava diminution, though it continued 
upwards of eighty hours in my ftomach. I 
likewife {wallowed a naked ball of hard beef 
bone three lines in diameter, and in thirty- 
three hours voided it undiminuhed. 
_Itis therefore certain, that the ftomach is 
capable of digefting not only mufcular fibres, 
but membrane, tendon, cartilage, and even 
bone itfelf, provided it is not too hard; 
though moft phyfiologifts and phyficians 
have been led to adopt a contrary opinion by 
obferying, that thefe {ubftances are evacuated 
unaltered. But this is no proof that they are 
indigeftible (for if they had made the expe- 
riment on themfelyes, and weighed the fub- 
ftances, they would have ohferved. a waite), — 
it only fhews, that they'are not fo foon di~’ 
gefted as other kinds» of food, which are dif- 
folved in a few hours; whereas, membrane, 
tendon, cartilage, &c. require feveral days, 
on account of their tenacity and hardnefs. 

Let no one fuppofe, that my ftomach, be- 
ing ftronger than common, is capable of di- ~ 
gefting what that of others cannot digeft, » I 
own, with concern, that it is weak, as is 
ufual in thofe whofe purfuits condemn them 
to a fedentary and unwholefome way of life. 


T4 My 


fo 
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My ftomach digefts food fo flowly, that I 
cannot ftudy for five or fix hours after a 
{paring dinner, and am liable to indigeftion 
whenever I feed more plentifully thar com- 
mon. 

Before’I quit this fubje& let me obferve, 
that though I have mentioned the gaftric 
juices as the efficient caufe of digeftion in 
the experiments on myfelf, yet I mean not 
to exclude thofe of the inteftines from their 
fhare. We know, that the fmall inteftines 
complete the procefs of chylification, which 
is but begun in the ftomach. I muft there- 
fore allow, that the digeftion of animal and 
vegetable fubftances in the bags and tubes 
is perfected in the inteftines. But this is 
not in the leaft repugnant to the refult of 
thofe experiments that fhew the human fto- 
mach to be deftitute of any triturating force, 
and digeftion to be the effed of the gaitric 
fluid a alone, though the fluid which is eae 
ted by the fides be the fmall inteftines may 
complete the procefs. 

ccexv. In ‘the ccirrd paragraph IT re- 
marked, that the chief experiments on man 
were reducible to two heads, thofe which, 
relate to the natural procefs, as it may be ob- 
ferved by means of tubes and fuch contri- 
vances, and thofe which relate to artificial 
digeftion, 


\ 
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diseftion, provided the gaftric juices can be 


procured. Having treated the former of thefe 


divifions as well as circumftances would per- 


mit, it remained for me to make fome enqui- 
ries relative to the fecond. It was firft ne- 


eeflary to devife a method of procuring the 


-gaftric fluid. The firft idea that ftruck me 


was to fearch for it in dead bodies, but after 
examining feveral ftomachs I was obliged to 
abandon this fearch; for they were either, 
without any fluid, or elfe what they contain- 


ed was fo turbid and fo much adulterated 
with heterogeneous matters, that it would 


by no'means fuit my purpofe. Nor were the 
little fpunges, which had ferved fo well in 
animals, better adapted to the prefent occa- 
fion. Two fpunges would not fupply me 
with a fufficient quantity, and I could ven- 
ture only to {wallow two tubes at once, for 
fear of forming an obftruction in my ftomach. 
Befides, the juice thus procured would have 
been very impure, on account of the hete- 
rogeneous matters that the tubes muft ne- 
ceffarily have imbibed during their paflage 
through the inteftines. 

There remained only to obtain it by ex- 
citing vomiting while the ftomach was RU: 
To effect Ris: I chofe rather to tickle th 
fauces than drink warm water, as in this ane 


the 
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the gaftric fluid muft have been diluted, 
In this manner therefore, before I took meat 
or drink, I procured in two mornings a quan- 
tity fufficient for a few experiments, of which 
the refult fhall. be related below. I could © 
have withed to have made a greater number, - 
but the difagreeable feelings occafioned by the 
act of vomiting, the convulfions of my whole 
frame, and* more efpecially of my ftomach, — 
that continued for feveral hours after it, left — 
upon my mind fuch a repugnance for the — 
operation, that I was abfolutely incapable of — 
repeating it, notwith{tanding my earneft de- 
fire of procuring more gaftric liquor. 
ccxvi. I was therefore obliged to con- 
‘ tent myfelf with what thefe two vomits af-~ 
forded me. ‘The firft time it amounted to an 4 
~ounce and thirty-two grains. It was frothy 
at its being thrown up, and fomewhat glu-. 
tinous. - After it had been at reft a few hours 
and depofited a {mall fediment, it was as lim- _ 
pedas water. It wasa little falt to the tafte, 
but not at all bitter. It did not, either when — 
thrown on the fire or brought near a candle, 
fhew any token of inflammability (2), It 
i evaporated — 


‘ (a) From this and the Lxxxift, cxxriid, cxirxth, and 

cLxxxvth paragraphs we may collect, that the gaftric juices ~ 

both of man and animals are deftitute of inflammability, -I 
» . made™ 


ie 
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évaporated ih the open air, and when I put 
_ fifty-two igrains into a veffel and fet it on hot 
coals, it emitted a thick fmoke. : Another 


{mall portion; weighing eighty-three grains, 


was put in a phial, which was clofed with 


- a ftopple to prevent it from evaporating. It 
- did not change colour or tafte, nor did it ac~ 


quire any bad f{mell, notwithftanding it was 


kept above:a month in the hotteft feafon of 
_ the year. Ithus employed about one half,’ 
the remainder was ufedfor.an attempt to ob- 


tain artificial digeftion. It was put into a 
glafs tube two inches long, fealed hermeti- 
cally at one end, and very narrow at the other; 


I then introduced a {mall quantity of mafti- 


I 


_ made thefe experiments, becaufe Reaumur thought that that 
_ of his kite was inflammable, which quality Dr. Batigne im-_ 


putes to the bile, a fluid confifting principally of oil (premiere 


| Refiexion fur les Exper. de Reaumur). But were this true, the 
_ gaitric juices of moft of my birds ought to have taken fire. As 


all mine are contrary to Reaumur’s fingle experiment, I fhould 
_ fuspect, that what he obferved was owing to accident. His 
experiment was the following: To take away the {mell of ‘pu- 
_-trid fleth, which one of his tubes had acquired, he fet it upon 
fome burning coals, when immediately there iffued a flame 


_ from the infide,that lafted above a minute (Seconde Mem.) 


“But itis eafy to perceive, that this might have been owing to 
‘fome fat of the enclofed flefh adhering to the tube. I am more 
confirmed in this fufpicion from having obferved, that the gaf- 
tric fluid of a kite, fuch as Reaumur’s, mentioned in a note to 


“patagraph cixxv, was not more difpofed to take fire than the 


“other gaftric juices which I examined, 


cated 
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cated boiled beef, and {topping the tube with 
cotton, fet it in a ftove clofe to a kitchen. 
fire, where there was a confiderable heat, 
though not perhaps exactly equal to the tem- 
perature of my ftomach. By the fide of this 
tube I placed another, containing the fame 
quantity of flefh immerfed in water. The 
appearances in both were the following:. In 
twelve hours the flefh in the former began 
to lofe its fibrous ftruéture, and in thirty- 
five it had fo far loft its confiftence, that 
when I attempted to lay hold of it, it flipped 
from between my fingers. But though to the | 
naked eye it appeared to be reduced to a pul- — 
taceous mafs and to have loft its fibrous tex- 


ture, yet the microfcope rendered the fibres 


vifible; they were however reduced toa great 
degree of minutenefs. After this femifluid | 
fhapelefs mafs had continued two days longer 
in the gaftric fluid, the folution did not feem 
to have made any further progrefs, and the 
reduced fibres were ftilljuftas apparent. The- 
flefh did not emit the leaft bad {mell, while 
that immerfed in water became putrid in fix- 
teen hours, and grew worfe and worfe the 


two following days. It loft in fome meafure 


its fibrous ftructure, as always happens du- 
ting putrefaction ; but this appearance did not 
proceed 
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proceed fo far as in the other portion, for 
_ the fibres were entire on the third day. 

ccxvit. I vomited the fecond time more 
gaftric fluid, and was now enabled to examine 
it again as I had done before; and it appeared 
to poffefs exactly the fame properties. In or- 
der to determine the influence of heat two 
tubes were filled with it, and fome fiefh was 
immerfed as before (ccxv1)._ One of the 
tubes was placed in the ftove, and the other 
left in the open air. In the former the flefh 
was juftas much diffolved as in the preceding 
experiment; but in the latter the folution pro- 
ceeded no farther than when water was em-= 
ployed (ccxv1). There was however no pu- 
trid fmell, though the flefh was left immerfed 
in the gaftric fluid feven days. 

Before. I conclude this account, I muft 
mention a circumftance that happened the 
fecond time I procured gaftric liquor by vo- 
miting. Four hours before I fubmitted to 
this difagreeable operation, I had fwallowed 
two tubes filled with beef, one of which was 
thrown up; the flefh was thoroughly foaked 
an the fluid of the ftomach, and the furface 
was foft and gelatinous; it had moreover 
wafted from fifty-three to thirty-eight grains. 
This experiment proves, that there takes 
place a confiderable degree of digeftion in the 

} ftomach, 
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ftamach, before the food pafies ~— the itay “4% 


te{tines. 


eexviti. We may now fafely lay. down 


fome general confequences concerning di- 


geftion in Man and animals. In the experi-— 


ments on birds with mufcular ftomachs, we 


have feen how trituration difpofes the food. 


to be digefted. ‘Hence Nature has furnifhed: . 


that clafs with gaftric mufcles of fufficient 
power to effect this neceflary preparation. 
But we have likewife feen how digeftion, 
which confifts in the tranfmutation of the 


alimtnt into chyme, is the effect of the jui- 


ces alone with which the ftomach abounds 


(Diff. 1). 


We next drorcodedih to birds with interme- 
diate ftomachs, fuch as crows and herons, * 


and found, that in them digeftion was owing 


to the gaftric fluid alone (Diff. 11). fae ist 


We next confidered animals’ with mem- 


branous ftomachs, a clafs fo numerous and 


various, that it comprehends almoft every fa- 
mily of living creatures; it includes the in- 
habitants of dalt and frefh water; amphibis 


ous animals, :as the frog, the newt, and wa- — 


ter-fnake; reptiles, as the viper, the land- 
{nake, and many others; quadrupeds, as the 
cat, the dog, the bei the ox; birds, as 

_ birds 


- 
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see of prey: to this catalogue Man himfelf 
is alfo to be added. 

In feveral of thefe animals we have robin 
“the neceffity of previous trituration, as in the 
ruminating order and in Man; in them it is 
produced by the teeth, as in gallinaceous fowls - 
by the mufcles of the ftomach. But in others, 
as inthe frog, the newt, ferpents, and birds 
of prey, it has no fhare in the procefs of di- 
geftion. But in the latter, as well as the for- 
mer cafes, we have feen how the food is dif- 
folved' and digefted by the gaftric fluid ie 
cir,’ ry). 

In every order of animals, RRS always 
uniform in her operations, employs one prin- - 
ciple for the performance of this vital func- 
tion. Hence fhe has fo copioufly furnifhed 

_ the eefophagus and ftomach with glands, fol- 
licles,’ and other contrivances’ that anfwer 
‘the fame end; whence continually flow the 
juices fo neceflary to the life of Man and ani- 
mals. Thefe juices agreein many properties, 
but the difference of effect fhews, that they 
differ in others. In the frog, the newt, 
{caly fifhes, and other cold animals, the 
gaftric fluid produces digeftion in a tempera- 
ture nearly equal ‘to that of the atmofphere. 
But the gaftric fluid of hot amimals is inca- 
pable of diffolving the aliment in a degree of 
heat 


> 
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heat lower than that of the animals them- 
felves. There is alfo a difference in celerity 
of action, and in efficacy. In celerity, be- 
caufe the food in hot animals is digefted in a 


‘ 


f 


few hours; whereas, in the oppofite kind it — 


requires feveral days and even weeks, parti- 


cularly in ferpents. In efhicacy, becaufe the © 


gaftric juices of fome animals, as the gallina- 


ceous clafs, can only diflolve bodies of a foft — 
and yielding texture, and fuch as have been — 


previoufly triturated; while thofe of others, 
as ferpents, the heron, birds of prey, the 
dog, decompofe fubftances of great tenacity, 
as ligament and tendon, and of confiderable 
hardnefs, as the hardeft bone. Man belongs 


to this divifion; but his gaftric fluid feems to © 
have no action on the hardeft kind of bones. — 


Further, fome fpecies, as birds of prey, are — 


incapable of digefting vegetables. But Man, — 
the dog, the cat, crows, &c. diflolve the © 


~ individuals of both kingdoms alike. In ge- 
neral thefe juices produce their effects out of 
the body, as the numerous inftances of in- 
cipient digeftion under this circumftance, 


. both with the gaftric fluid of animals and _— 


Man abundantly fhew. 
ccxix. Having thus brought into one 
point of view the principal circumftances re- 
lative to the eficient caufe of digeftion, let 
us 
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us compare them with what has been moft 
_ plaufibly written upon this topic {o intereft- 
_ ing to the phyfician. The opinion that pre- 
vails chiefly in the f{chools of Europe 1 is that 
advanced by Boerhaave, who has in truth 
done nothing but reconcile the opinions that 
had been propofed at different times before 
him. He obferves,.in the firft place, that 
the various folid and fluid fubftances which 
ferve for food, being received into a clofe, 
moift, and warm vefiel, muft, according to 
the nature of each, fooner or later begin to 
ferment or puttefy. There are alfo various 
fluids continually running into the cavity of 
the ftomach, viz. the faliva, the o-fophageal 
liquor, that thin tranfparent fluid which is 
_ fecreted by the gaftric arteries, and a vifcid 
humour fecreted by glands in the ftomach. 
If.we confider the properties of thefe ingre- 
dients, and moreover take into the account 
the remains of the food which ferve as a 
ferment, the air which produces an inteftine 
movement of the integrant parts, the heat 
which excites this heterogeneous. mafs, we 
fhall find, that the aliment will be macerated, 
diluted, attenuated, diflolved, determined ‘to’ 
an incipient fermentation, and in fhort, im- 
prefied with the primary principle of vitality. 
Thus it is that Boerhaave explains the di- 
eaewgL. I, U geftion 


a 
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geftion of foft food. With refpect to that 
of a firmer texture, imagining, that the caufes 
above recited are infufficient to explain the 
digeftion of them, he has recourfe to the tri- 
turating power of the ftomach, produced by 
the a&tion of the mufcular coat, and the pul- 
{ation of the aorta and the other adjacent ar- 
teries; the nervous fluid, which perhaps flows 
into the ftomach more copioufly than elfe- 
where; and laftly, the continual and ftrong 
comprefiion of the diaphragm and abdominal 
mufcles. In confequence of thefe additional 
caufes, the food in the firft place, will be 
broken down into a pulp, and acquire a ci- 


neritious hue; fecondly, the fibres, tendons, . 


cartilages, &c. will be deprived of their 
juices while they retain their cohefion ; thirdly, 


from vegetable and animal fubftances thus — 


diffolved, will be produced a fluid refembling 
thofe of the human body. 

cexx. Thus has this celebrated phyfi- 
-cian explained his ideas. concerning digeftic : 
in his Inftitutions. He fuppofes, that there 
are two principal agents in this vital function, 
viz. the different fluids that are collected in 
the ftomach, and the mechanical action of 
that organ; the fecondary agents are heat, 
air, the nervous fluid, the remains of the 
food, and an incipient fermentation. , 


. With 


<- i 
. 


» 
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~ With refpect to the gaftric fluid, -his ideas 
were indeterminate and unfettled. On com- 
paring this paflage with his PreleGtions it 
will appear, that he conceived that it acted 
in the folution of the food like a fimple di- 
luent, as water heated to the fame degree. 
But facts without number related above thew, 
that it does not act in this-‘manner, but asa 
real folvent. That the folution is more 
fpeedy and effectual than that obtained by 


_ mere water, appears from.experiments equally 
-. numerous. Moreover, this fluid does not 


diffolve foft and yielding fubftances only, but 


the hardeft and moft tenacious, Canttany4 to 
Boerhaave’s opinion. 

With refpect to trituration, the attentive 
reader will eafily anticipate my anfwer. How, 
ever remarkable the effects produced’ by the 


“mechanical aG@ion of mufcular ftomachs may 


be, intermediate and membranous f{tomachs 


‘have no fuch power. I have made particular 


obfervations on the ftomach of the dog, which 
fo nearly refembles that of Man, and it ne- 
ver appeared to have any motion fufficient to- 
break down the food. This was not only 
proved by thin tubes receiving no injury, but 
by infpection of the ftomach during the time _ 
of digeftion (cxcix, cc). The reader will 
find fimilar proofs taken from the effects pro- 

Ua2 duced, 
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duced by my own ftomach, in the ccrxth 
and ccxth paragraphs. Thefe direct argu- 
ments fhew the infufficiency of the Boerhaa- 
vian hypothefis. It is befides eafy to fhew its 
falfity, by examining the foundation on which 
it refts. He deduces the triturating power 
from the aétion of the mufcular coat and the 
contiguous parts; but this coat is fo thin in 
‘membranous ftomachs, that its effects muft — 
needs be inconfiderable. Nor is the pref- 
{ure of the adjacent parts of much importance, | 
at leaft in the cat and dog; for upon opening 
the abdomen and feeling the ftomach, I per- 
ceived nothing but the pulfation of the arte- 
ries, as I had before done in fome birds with 
mufcular ftomachs (xxxvi11). But this pul- 
fation does not comprefs the ftomach. I 
likewife perceived by my touch, that this 
vifcus is affected by the vibrations of the 
neighbouring arteries; but the effects of thefe 
vibrations are not more confiderable than the 
pulfation of its own arteries. The whole 
ftomach was lifted up, and deprefled by the 
motion attending refpiration. ‘The periftal- | 
tic movement was alfo general in fome cafes ; 
but the former did not produce contraction, 
and the contraction produced by the latter — 
was gentle, and incapable of triturating the 

| : aliment. 


| 


a 
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aliment. It could only agitate, and fo dif- 
pote it to be more readily diffolved. 

ccxx1. Heat, I readily agree with Boer- 
haave, in confidering as a co-operating caufe. 
My experiments prove its great importance. 
Though the gaftric fluid is not inflammable 
Weeks CXXLIL,..CXLIX, :CLXXXV,.7COXV1), 
yet it is difpofed by warmth to infinuate itfelf 
into digeftible fubftances, and reduce them 
_to that gelatinous matter which ferves imme- 
diately for nutriment. The fame obfervation 
is applicable to menftrua in general. 

I willingly admit, that particles of air, 
while they are extricated from the food among 
which they are entangled by means of the fa- 
liva, contribute to its more {peedy folution. 

But I cannot fo readily allow, that digef- 
tion is promoted by the nervous fluid flowing 

copioufly into the ftomach; for its very ex- 
-iftence is uncertain, and the hypothefis is al- 
- together without foundation. | 

Much lefs can I grant, that the remains 
of the aliment ferve any fuch purpofe as he 
afcribes to them. The great Haller juftly 
obferves, that our appetite and digeftion are 
_ good only when the ftomach is empty (a). 
have had feveral opportunities of fecing this 


(a), Phyf. T. 6. 
U 3 confirmed, 
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confirmed. When I feda crow, a heron, or 

a falcon fparingly, the ftomach would be 
empty in fix or feven hours ; when they would. 
- take food again very yreedily and digeft 1¢ 
| cOMBTRAS? as I found upen opening the fto-. 
faeer tes : 

- Whether an incipient fermentation contri. 
butes to digeftion, according to the opinion 
of this writer, is a queftion which thall be 
examined at fome length in the following dif- 
fertation, as it has been the fubje&t of inany 
modern experiments. 

Laftly, I muft again differ from him with 
refpect to fibres of flefh, membrane, tendon, 
cartilage, bone, which, in his opinion, are 
not digefted in the human ftomach, but only 
have their juices exprefled; for the experi- 
ments I made on myfelf prove, that the folid 
parts are really diffolved, if we except only 
the -hardeft bones (ccv, CCVIII, CCXII, | 
ecxiiI, cexiv), As Boerhaave endeavoured 
to reconcile the various opinions of phyficians 
~ concerning digeftion, he feems inclined to 
adopt in fome meafure the notion of thofe 
who fuppofe, that the office of the ftomach 
confifts in extracting the juice of animal] and 
‘vegetable matters, among whom Mr. Hec- 
quet has particularly diftinguifhed himfelf, 
And a note to the pay in which he ob- 


ke epee aye 2 


ferves ‘ 
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ferves, that the ftalks of hay are ftill vifible 
in the dung of the horfe and the ox, notwith- 
{tanding it is chewed fo often by the latter, 
ftill more clearly explains his idea. I con- 
fidered it as of great importance to enquire, 
whether the fame thing happens in animals 
belonging to other clafles, which was really 
the cafe in fome. We have feen, that the 
two fpecies of crow above-mentioned are both 
granivorous and carnivorous. I fometimes 
fed them with wheat a little bruifed, and 
« notwithftanding they feemed to eat it greedily, 
their excrements confiited of dry fragments 
of this grain. ‘This likewife happened when 
they had eaten tough ficth. If I put the 
excrement in water and fhook it brifkly, the 
greater part would be fufpended, but a little 
would fall to the bottom; this, upon exami- 
nation, proved to be the cellular fubftance 
with a few mufcular fibres, of which the par- 
ticles cohered pretty firmly; the longeft 
pieces meafured about an inch. What re- 
miained fufpended in the water was more than 
twice as much as that which fell to the bot-_ 
tom, and ftill retained the characters of fleth. 
Young crows, which digeft more fpeedily 
than the adult (rxrx), do not completely di- 
geft tough meat. I couldeafily find cellular 
fabftance among their excrement; but when 


U4 inftead 


¢ 


‘a 
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inftead of hard they were fed eich tend 


flefh, and with fome {oft vegetable inftead of 


wheat, the excrement did. not thew the leaft 
appearance of this fort. 


ccxxt1. I made ‘the fame obfervation — 


upon frogs. As thefe animals generally feed 
upon infects, I often found among the excre- 
ment, when treated in the way juit defcribed, 
legs, thighs, and wings of locufts, and the 
cruftaceous parts of pehex infects. 
-. Leuwenhoeck, upon examining the excre- 
ment of the melvel, found, that it-confitted 
of filaments refembling the hairs of the beard 
cut off by the razor; thefe filaments he fup- 
pofed to be the qadiaeied remains of: the 
fithes which the melvel had eaten (2). Ican 
eafily believe this to have been the cafe, ef- 
pecially as it coincides with an obfervation 
of my own upon the excrement of the tench, 
in which, though I could not. perceive any 
flefhy fibres, yet the fragments of bone were 
diftinétly vifible. I muft however add, that 
though I have examined the foeculent mat- 
ter of many other fithes with glaffes of vari- 
ous magnifying powers, I could never dif- 
tinguith the leaft atom that had the charac- 
ters of animal or vegetable matter. I have 


(2) Philof. Tranfat. n,152, 1683. 
; obferved 


f 
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_obferved the fame thing in that of noéturnal 
_and diurnal birds of prey. ‘The tough fleth, of. 


_which a fmall part was voided along with the 
k. 


excrement of crows (CcCxxI), is entirely di- 
geited by the eagle, falcon, and owl. This 
obfervation may be extended to a multitude 


of birds of various kinds, of which, though. 


IT have preferved the names in‘my journal, to 


avoid prolixity I forbear to enumerate them. 


Serpents, though fo flow of digeftion, dif- _ 


: folve their food fo completely, that not a vef- 


tige: ‘of any organized Matter appears in their 
excrements. This at leaft I have feen in vi- 
pers, water and land-{nakes. 

Upon comparing my obfervations upon ex- 
crement with thofe related by Boerhaave and 
others, I think it muft be concluded, that 
confidering animals in general, fome fub- 


{tances of both kingdoms are voided un- 


changed along with their excrements, be- 
caufe the. gaftric fluid is incapable of dif- 


- folving them; but others are voided un- 


changed, only becaufe they do not continue 


_ long enough in the ftomach to be digefted. 
_ This is fully proved by my experiments on 


_ fleth, membrane, tendon, and bone, the very 


 fabftances of which Boerhaave fuppofed, 
_ that the folid parts were indigeftible. ~ Fleth 
taken {pontaneoufly by crows, part of which 


is 
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is voided undigefted, but when kept many 
hours in the Hoititich is completely diffolved, - 
_furnifhes another decifive proof of the fame it 
propofition. mn 

It is furely not neceflary to add, that I do 
not with by thefe firictures to leflen the high” 
reputation of the Dutch Hippocrates. Un- 
provided with experiments of his own; he 
collected the opinions of others, and framed 
a fyftem concerning digeftion fo ingenious. — 
and plaufible, that I willingly own that I 
formerly adopted it, and would not, now re- 
ject it, if I was not compelled by psi: 
experiments. 

ccxxiil. I will conclude this differtation, 
with fome remarks ona problem clofely con- 
nected with refearches concerning the effici- 
ent caufe of digeftion. Mr. Hunter, one of © 
the beft Englith anatomifts of the prefent ~ 
age, frequently found in the dead bodies which ~ 
he opened that the great curvature of the fto- 
mach was confiderably eroded, and fometimes 
entirely diffolved. In the former cafe, the ~ 
edges of the wound were as {oft as half-di- 
gefted food, and the contents of the ftomach 
had got into the cavity of the abdomen. He 
obferves, that fuch a wound could not have ~ 
exifted in life, as it had no conneétion with 
the difeafe, and more frequently appeared i in 

perfons — 


~ 
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perfons who died violent deaths. In order 
to difcover the caufe of this phenomenon, he 
examined the ftomachs of various animals, 
‘both immediately and fome time after death. » 
In feveral he obferved the fame appearance. 
Hence he thought he was enabled to affign 
the caufe. He fuppofes the folution to be 
owing to acontinuance of digeftion after death, 
and that the gaftric fluid is capable of dif- 
folving the ftomach when it has loft its vital 
principle. From this difcovery he infers, 
that digeftion neither depends on the ation of 
the ftomach nor on heat, but on the gaftric 
juices, which he confiders as the true men- 
{truum of the food (a). 

ccexxiv. When Mr. Hunter’s thort but 
fenfible paper came to my hands, I was en- 
gaged in experiments on digeftion. I had 
difcovered the primary importance of the gaf- 
tric fluid in this procefs, and that it acts out 
uf the body; that is to fay, in the dead body. 
I knew alfo, that after death this fluid iflues 
from the coats of the ftomach. From thefe 
data I had little difficulty in believing the fad 
related by the Englifh anatomift, and adopt- 
ing his explanation of it: neverthelefs it was 
proper to repeat the experiment. Being un- 


(2) Ph. Tranf, 
provided 
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provided: with human fubjeéts, I had re~ 
courfe to animals. Some were opened fooner, 
and others later after death; but among the 
numbers I infpeéted, not one had its great 
curvature diffolved, or much eroded. | I fay, 
much eroded, becaufe I have often feen a 
little erofion, efpecially in different fifhes, in — 
which, when I had cleared the ftomach of © 
its contents, the internal coat was wanting. 
The injury was always confined to the infe- 
rior part of the ftomach. If thefe facts are 
favourable to Mr. Hunter, a great number 
are againft him. They do not however. de-— 
ftroy his obfervations; mine are only nega-— 
tive, his are pofitive; and we know that a 
thoufand of the former do not deftroy a fingle 
one of thé latter, provided it is well afcer-_ 
tained. I have no reafon to diftruft Mr. 
Hunter, for his paper has the air of inge- 
nuoufnefs and candour which ufually accom- 
panies truth.., 
ccxxv. The ill fuccefs of my experi- 
ments did not induce me to abandon the idea 
of digeftion after death, it only led me to : 
confider it in another point of view. If it 
be true, faid I to myfelf, that the gaftric fluid 
exerts its action after death, it muft produce | 
fome folution of the food. Let then an ani- 
mal be fed and immediately killed, after fome 
time 
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_ time let it be opened, and let us fee whether 
‘the food has been at all-digefted. I. deter- 
mined to bring this obvious inference to the 
teft of experiment; I therefore kept a raven 
fafting feven hours in order to empty its fto- 
mach, and then fet before it an hundred and 
fourteen grains of beef, which were imme- 
diately eaten, and muit have paffed into the 
{tomach, as this bird has no crop. I then 
‘killed it, and as it was winter, put it into a 
ftove, where it was left fix hours. Sup- 
pofing this to be a fufficient time for the gaf- 
tric fluid to exert its action, I opened the fto- 
mach, and found the flefh in the following 
_ftate. It was impregnated with  gaftric 
fluid, and was become tender; the colour | 
was changed to a pale red, and the furface 
had a bitter tafte, while the internal parts re- 
tained the tafte of flefh. After the gaftric 
fluid was wiped away, it weighed only fifty- 
two grains; it had therefore loft above half 
its weight in fix hours, or, what amounts to 
the fame thing, was above half digefted. 
. The pylorus, and the duodenum for about 
an inch, were occupied by an afh-coloured 
mucus, which. muft have been the diffolved 
part of the fleth. 

At the fame time I gave another raven, that 
had in like manner aay kept fafting feven 

Shoat 
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vied 


hours, an equal quantity, of fleth, and killed — 
it in two hours anda quarter. My view was ~ 
to obferve the difference between what had - 


lain fix hours in the dead, and two and a quar- 


ter in the living ftomach, and it was very 


great; for in this latter cafe the flefh was to- _ 


tally diffolved, except a little cellular fub- 
ftance, which I have found to be always 


longer in being digefted than the mufcular — 


fibres; the: mucus was the fame as before, 


only in larger quantity, and occupied more — 
of the: duodenum. Thefe two experiments 


compared together prove two things, firft, 


that digeftion continues after death; and‘fe- — 
condly, that it is then far lefs confiderable™ 
than in the living animal, though in the pre- — 


fent inftance the heat of the ftove, which was 
about 100° (2), muit have promoted it not a 
little. The heat of the living raven did not 
exceed 30° (4). 

ccexxvi. Another dead raven was kept 
five hours in the fame ftove, after I had forced 
two dead lampreys, weighing together an 
hundred and twelve grains, down its throat. 


One lay in the cfophagus, the other had : 


reached the ftomach and was completely de- 


(a) Two hundred fifty-feven dey. Fahr. Ther. 
(6) One hundred nine and an half ditto. 


, — compofed, 
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-compofed, while the former was indeed en- 
“tire, but foft and flaccid. This accident 
proves, that the gaftric fluid is capable of pro- 


ducing a fenfible degree of digeftion at a time © 


- when the cefophageal juices are inert. 
»ccexxvil, Thefe experiments were made 


in winter. I determined to repeat them the | 


next fummer, becaufe then I could expofe 
the dead animals to a greater heat. Accord- 
ingly in that feafon fome bruifed.veal was 
given to two ravens, which were immedi- 
ately killed, and left feven hours in a window 
_expoted to the fun. We have aiready feen 
in feyeral paflages, the influence of heat 


in promoting artificial digeftion (cxLi1, 


CLxxxvi, cctI, ccxvii). Nor did it now 
appear lefs confiderable. Each raven had 
eaten fixty-eight grains of flefh, of which 


there was not an atom left entire; it was all. 


diflolved into the ufual gelatinous pulp, and 
the greater part had pafied through the Py- 
lorus. 

Thefe facts, I think, decifively prove, 
that animals, -at leaft the {pecies. juft men- 
‘tioned, continue to digeft after. death. If 
we confider the matter rigoroufly, it will be 
-pfopér to obviate a difficulty that may be 
ftarted. ‘However careful we are to kill 


the 
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the animal immediately after it has fwallow- % 
ed food, it is certain, that there will bea 
fhort interval between the time the food get? _ 
into the ftomach and the death of the animal, 
and that the gaftric fluids act upon it du~ — 
ring this interval. Moreover, after death 
they will act for fome time juft as in life, 
fince the vital heat is not inftantly exftin- 
guifhed. The digeftion therefore obferved — 
in dead animals may, if not entirely, at 
Jeaft in part, be produced by the gaftric — 
fluid acting during life, and a fhort time 
after death. ‘a 
Nothing could be more eafy than to afcer- — 
tain the juftnefs of this fufpicion, fince we — 
have only to thruft a little food into the fto- — 
mach of a dead and cold animal, and obferve 
the confequence. I made the experiment — 
upon a raven that had been dead an hour, and 
had now only the temperature of the atmo- 
{phere. Forty-two grains of beef cut into 
pieces were forced into the ftomach, which — 
was opened after the bird had lain feven hours / 
expofed to the fun. And here infteadof pieces: » 
of folid flefh, I found only the ufual pulpy — 
mafs, partly in the ftomach and partly in the 
duodenum. The folution was therefore ef- 
fected by the gaftric fluid, independently of — 


the powers of life, 
. CCXXYIIIe 
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_tcxxvit. The experiment was repeated 
* upon an owl and a blackbird, which were 
killed immediately after meat had been given 
them, and left feven hours in a warm tem- 
perature. The ‘fleth given to the black~bird 
had been cut into three pieces, which to- 
gether, amounted to cighty-two. grains; the 
ewl had fwallewed half. an ounce and fix 
grains in one piece. Upon opening. the 
{tomachs, I found the four pieces; but the 
furface was covered with a ftratum of mu-. 
cus, which fhewed, that the fleth had been 
. diffolved. 

I thought, that perhaps if the fleth had re- 
mained a longer time in the ftomach it would 
be more digefted; but this did not happen, 
at leaft when I- repeated the two preceding 
experiments under the fame circumftances, 
except that the birds were expofed to the fun 
for twenty-two hours, I could not perceive, 
that the folution of the flefh was carried any 
further. The entrails emitted a putrid {mell, 
but this was not the cafe either with the fto- 

mach or its contents. 
ccxxix. That I might be sheen in 
deducing general confequences, I refolved to 
repeat this fingular experiment upon various 
claffes of animals, and therefore had recourfe 
to fifhes and quadrupeds. Of the former, 
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the fith-market at Pavia only affords the pike, 
carp, barbel, tench, eel, and the like; but I 
took care to procure fuch as were very frefh. 
I introduced into the ftomach various animal 
fubftances, as little fithes, bits of .veal and 
beef, frogs, grubs, &c. and opened them af-~- 


ter an interval, fometimes fhorter and fome- 


‘times longer. I will give in a few words 


what is fet down at great length in my Jour- 
nals. The part of thefe fubikanees that lay 
in the cefophagus, a pofition which they of- 
ten had, “was unaltered; this was fome- 
times the cafe with that which had got into 
the ftomach, but it was generally more or 
lefs eroded. A circumftance refpecting frogs 
deferves to be mentioned. The tough fkin 
of thefe animals was often deftroyed, efpe- 


cially at the bottom of the ftomach; and 


‘where it ftill remained it was fo much foft- 
ened, that the flighteft force was fufficient 
to lacerate it. Hence it appears, that the 
gaftric fluid of fithes retains its property of 
diffolving flefh, but in. an inferior degree 
to that of birds, fince it did not diffolve fo 
much. 


ccxxx. The quadrupeds upon ‘shiek Bi] 


made thefe experiments, were dogs and cats. 
After keeping them fafting many hours, L 
gave them a certain ogg, of flefh, and 

then 
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then ftrangled them without delay. Of three 
dogs and three cats, two of the former and 
as many of the latter were expofed to the fun 
for nine hours; the others were left in the 
fhade. Inthe firft the furface of the fleth 
was gelatinous as ufual, but in the laftt this 
appearance was fcarce perceptible. Thefe 
experiments confirm the utility, I fhould ra- 
ther fay, the neceflity of heat to digeftion in 
many animals. 
ccexxxit. To conclude this curious en= 
quiry, I refolved to fee what change would 
take place upon flefh when. the ftomach was 
taken out of the body. I made this experi- © 
ment upon a cat, a raven, and anowl. Hav-_. 
ing fed them fparingly, I cut out the fto- 
mach, and threw ligatures round the cardia 
and pylorus to prevent the contents from: get- 
ting out. ‘They were expofed to the fun in 
a veflel of water, left the heat fhould dry 
them. In five hours and an half they were 
opened: the water had tranfuded through the 
coats; the furface of the flefh was a little 
gelatinous, efpecially i in the ftomach of the 
raven and owl; but the folution was trifling, 
in comparifon with that which took place 


_ owhen the ftomach was left in the body. This 


was what might be expected, when the cefo 
X 2 | hia pias 


308 Or s'$ BR TA TONE ©, 


phagus no bonger poured its liquor into the 
ftomach. | 

In thefe experiments I did not perceive any 
erofion of the ftomach, any more than in 
thofe made with the view of verifying Mr. — 
Hunter’s (ccxxtv). I only faw what I had 
feen before (ibid), a flight excoriation of 
the inferior part. . We muft therefore infer, 
that the coats of the ftomach fuffer lefs after 
death than flefh introduced into it. I gave 
an hungry dog fome pieces cut out of the — 
ftomach of another dog; he eat and it killed 9 
him immediately. After the body had Jain * 
in a warm fituation nine hours, the ftomach 
was opened. The pieces were fenfibly dif- 
folved, but no change was produced upon 
the ftomach of the animal, if we except the 
large curvature, which was fo much mace-. 
rated, that the villous coat might eafily be 
rubbed off. It is, I think, not difficult to 
aflien the reafon, why the {tomachs of dead 
‘animals are not liable, like their contents, to. 
be diflolved. Thefe. bodies are invefted on 
all fides by the gaftric fluid, whereas it acts 
oa on the internal furface of the ftomach. 

Upon reviewing the experiments related in , 

the cexxvth and following paragraphs it 


ro) 
cannot, I think, be doubted, that digeftion ~ 


goes 
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goes on for fome time after death. I there- 
fore entirely agree fo far with the celebrated 
: Englifh anatomift, but I cannot with him 
fuppofe, that this function is independent of | 
_ heat (ccxxi1i1); numberlefs facts related in 
‘this work fully prove the contrary. 
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WHETHER THE FOOD FERMENTS IN THE 
STOMACH 5. 


CCXXXIT, F WILL now, ere tomy | 
promife 1 in the foregoing dif- 
fertation (ccxx!), enquire whether the food 
ferments in the ftomach. ‘This opinion was 
almoft univerfally adopted by phyficians about 
the middle of the lait century, an era at 
which the explanation of the various func- 
tions of the human body was fought in fer- 
mentations. of various kinds, as it had be- 
fore been ina fubtile matter, as it has fince 
been in electricity, and is at prefent in divers - 
forts of elaftic fluids. "This notion was af- 
terwards combated among others by Boer- 
haave, who found, by direét obfervations, 
that this multiplicity of fermentations did 

not 
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not exift in nature, but was merely the ‘fug- 
_ geftion of fancy. Of the numberlefs modi- 
fications of this procefs, which phyfiologifts 
had imagined, he admitted only that very li- 
mited and imperfect one, which, according 
to him, takes place in the ftomach. The 
food in the ftomach of animals, and parti- 
cularly of Man, is, in his opinion, in cir-— 
cumftances highly favourable to fermenta- 
tion. The faliva and the gaftric fluid ferve 
inftead of water; the free accefs of air, the 


~  clofenefs and heat of the ftomach, the nature 


of the food itfelf neceflarily produce fermen- 
tation, as is farther evident from the eruc- 
‘tations confequent upon taking food,’ and 
the rumbling noife frequently heard in the 
belly. But the fhort continuance of the food 
in that vifcus, and other caufes, prevent the 
procefs from being ever carried to its utmoft 
pitch. 

-cexxxilI. Thus far only, according to 
Boerhaave and his followers, does the fer- 
mentation of the food proceed in the fto+ 
mach. This limitation has been thought 
too great by Dr. Pringle and Dr. Macbride, 
two celebrated modern phyficians. They 
find no difficulty in fuppofing, that a com- 
plete fermentation takes place in digeftion, 
and that it is the chief agent in this impor- 

oer tant 
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tant function, In their refearches on this 
fubject, they have endeavoured to imitate the 
operations of nature out of the body. They 
took various animal and vegetable fubftances, — 
fuch as are ufed every day for food; they 
placed them both by themfelves, and mixed 
with feveral other fubftances ina warm tem- 
perature, adding a quantity of water or fali- 
va. Under thefe circumftances they. found, 
‘that theyfooner or later began to ferment; 
that ‘this: procefs afterwards ran very high, 
then abated, and at laft ended in the decom- 
pofition of the feveral fubftances, which ac- 
quired alfo a {weet tafte. Thefe different 
gradations of fermentation were evident from 
the fwelling, rarefaction, and intettine move- 
‘ment of the mafs, from. the generation of a 
amultitude of air-bubbles, and from the fub- 
ftances which at firft funk to the bottom, at 
length floating on the furface of the. fluid. 
Thefts experiments firft made by Pringle, and 
afterwards*repeated and varied by Macbride, 
determined them both to confider digeftion as 
a procefs merely fermentative. Their theory a 
is as follows. The food divided by maftica- 

‘tion and penetrated by the faliva, begins as 
-{oon as it gets into the {tomach to be agitated 
by. that. inteftine movement which | always 
accompanies” fermentation ; this movement 
up ig 
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is excited by the warmth of the place, by 
the remains of food taken before, by the gaf- ~ 
trie fluid, and above all by the faliva, which 
is particularly adapted to produce and pro- 
mote this procefs.. The firft effect of the in- 
teftine commotion. will be to raife the folid 
parts of the aliment to the furface of the gaf- 
tric liquor; here they will be fuftained for 
fome time by the air-bubbles; but on their 
ceffation they will fall down again and be tho- 
roughly incorporated with the fluids of the 
ftomach, The perittaltic motion, the alter- 
nate preflure of the diaphragm and abdomi- 
nal mufcles, and the continual pulfation of 
_ the adjacent large veffels will render this mix- 
ture ftill more complete. In fuch a ftate the 
food paffes into the {mall inteftines, where 
the fermentative motion produces {till greater 
changes in confequence of the mixture of the 
bile and pancreatic juice. And now the va- 
rious kinds of food are changed into a {weet, 
mild, nutritious matter, which ferments 
brifkly, and is denominated ¢hy/e. In con-~ 
\formity with this theory, thefe phyficians 
eftablifh'a new fyftem of great importance, 
according to them, in the practice of medi- 
cine. It is inyenioufly explained by Pringle, 
in his Appendix containing Experiments on 
| feeptic and antifeptic Subflances, and by 
| Macbride 
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Macbride in his experimental Effays on the 


Fermentation of alimentary Mixtures. 
ccxxxiv. The opinion of thefe two mo- 
dern writers have been adopted by many phy- — 
fiologifts, while others have {till adhered to 
the doctrine of Boerhaave, concerning an in- 
cipient .and incomplete fermentation only 
taking place in the ftomach; fo that on this 
fulsje& the phyficians of Europe feem to be 
divided into two fects. When I read Pringle 
and Macbride, I had only made a few expe- 


riments on the digeftion of fome animal and | 
vegetable fub{tances enclofed in tubes by gal-' 


linaceous:: bitds (xxk1x,!"XLj \.XDd)) .aniy 


xXL111); and I began to perceive, that the 


gaftric juice acted as a menftruum upon the 
food. But I could not learn from thefe ex- 
‘periments, whether fermentation takes place 
at the time they are diffolved. As indeed the 
eaftric fluid is a folvent, it may ac indepen- 


dently of fermentation; chemiftry affurds 


numerous inftances, in which there is no to- 


ken of fermentation during the diffolution of 


the folvend. But there is no abfurdity in 


fuppofing, that an inteftine fermentative mo- — 


tion is generated in the mixture, at the time 


the gaftric fluid diffolves the aliment. oie ae 


in this cafe, fermentation would accompany 
digeftion, though it would not. according 
: ; to 
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‘to the doétrine of Pringle and Macbride 
(ccxxxttr), be the efficient caufe. In order 
to obtain information concerning this phe- 
nomenon which I had not noticed, I had re- 
courfe to further experiments. As the theory 
in queftion is entirely founded on the fermen- 
_tation of animal and vegetable matters in vef- 
fels, I fet in glafs phials bread, fleth, and 
faliva; bread, flefh, and water; flour, faliva; 
and flefh; for in thefe mixtures the writers 
above-mentioned obferved the moft rapid 
fermentation, The phials were {topped, and » 
fet in a place where the heat amounted to 
20°---24e (a). ‘The mixtures began, fome 
_fooner and others later, to emit air-bubbles, 
which foonencreafed in frequency and fize; 
the furface of the liquor was covered with 
froth, which continued as long as any air was 
generated. During this time the mafs {welled 
greatly, the inteftine commotion was mani- 
feft, and the fub{tances immerfed being made 
{pecifically lighter by the air-bubbles that 
adhered to them and the increafe of bulk, 
‘rofe to the furface of the fluid. Here then’ 
the tokens of fermentation were apparent, 
and fo far I entirely agree with Pringle and. 
Macbride. 


A Seventy-feven 63 eighty-fix deg. of Fahr. Ther. 
ccxxxv. But 


a 
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cexxxv. But found, logic forbade me to 
allow fo readily, that the fame procefs takes — 
place in the ftomach. I had indeed many 
reafons for with-holding my affent. Not to 
- mention the fhort continuance of the food in 
that vifcus, a circumftance which did not 
efcape Boerhaave (ccxxxir). I confidered, — 
that although the jaliva produces and pro- — 
motes fermentation, the gaftric fluid may not — 
have this property. Though the gaftric fluid “ 
confifts in part of faliva, yet as there are fe- 
veral other ingredients, a compound mutt be 
formed with properties different from thofe 
of its conftituent parts. Ihave adduced many 
inftances to prove, that the gaftric fluid re- 
tains in fome meafure its folvent power out 
of the body; but the faliva never exhibited 
any fuch property. I have already fhewn, 
and fhall {till more clearly fhew in the fequel, — 
that flefh immerfed in the gaftric fluid is not, 
jiable to putrefaction; but when put into fa- 
liva, it putrefies fooner than in water. This 
was one of my motives for not immediately 
adopting the ideas of Pringle and Macbride. 
It were to be wifhed, that thefe phyficians | 
had made trial of the gaftric liquor alfo, be- 
fore they concluded, that what they obferv-_ 
ed in veffels takes place likewife in the fto- © 
mach; hor can I well conceive, how :they 


both 
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both came to overlook a circumftance of fo 
great importance. Moreover we know, that 
‘reft is neceflary to fermentation ;. but the fto- 
mach, befides the motion of the whole body, 
has a movement peculiar to itfelf. Laftly, 
fhould fermentation once begin, it mutt in 
all likelihood be foon ftopped by the freth fa- 
liva and gaftric liquor that are running per- 
petually, and in no {mall quantity, into the 
ftomach. Thefe two laft objections have 
been already ftarted, though nobody, as far 
as I know, has taken the pains of verifying 
them by experiment. But as the queftion 
could be decided in this way only, I deter- 
mined to undertake to fupply the omiflion. 
cexxxvi. I have already {poken of ar- 
tificial digeftion in feveral paflages. Experi- 
ments of this kind afforded me an excellent 
opportunity of obferving, whether the folu- | 
tion of flefh out of the bedy was accompa- 
nied by fermentation, and I never failed ina 
fingle inftance to attend to this circumftance. 
I found, that when the veflels remained at 
reft, a few {mall air-bubbles began to’ arife 
in the {pace of a few hours ; they afterwards 
became larger and more frequent, and adhe- 
ring to the immerfed fubftances, caufed them 
to rife to the furface of the liquor. ‘This air 
was either entangled in the mixture, or, ac- 


~ording 
¢ Oralpag 
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cording to Pringle and Macbride, formed — 
part of it, was extricated, and rendered elaf= 
tic by the heat, or what feems more probable, 
came from both thefe fources. The mix- 
tures either funk again or continued to float, 
while they were diffolved by the gaftric men- 
ftruum; not the flighteft inteftine motion — 
was ever perceptible, juft contrary to what 
happens when faliva is employed. If I now 
and then fhook: the veffel a few hours after 
making the infufion, very few air-bubbles 
were generated, and the mixture hardly ever 
rofe to the furface, though it was juft as 
well diffolved as when the veffel remained at - 
perfect reft. I find in my Journals, that I 
agitated the vefiels upon fourteen different oc* 
cafions without obferving the {mallet diffe- 
rence in the refult of the experiment. I 
could not therefore allow, that fermentation 
was the efficient caufe of thefe artificial di- 
geftions, nor even that it was a concomitant 
circumftance, or an effect; and frefh experi- 
ments inclined me more and more to rejeét 
this opinion. I have already mentioned the 
great abundance of gaftric fluid in crows, and 
the facility with which they digeft their 
food, more efpecially neftlings (Lxix, 
Lxxx111). Among the various trials I 
made with this fluid out of the body, I en- 

deavoured 


, 
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- deavoured to renew it, as it is. renewed in the 
ftomach. Several glafs tubes were filled with 
it to a certain height, and fufpended ina ver- 
tical pofition; into the upper extremity a_ 


{mall funnel was put; fome gaftric fluid was — 


poured into it from time to time, the nar- 
towne(s of the orifice of the funnel allowed 
it to fall only drop by drop into the tubes. 
The lower extremity of the tubes was not 
clofely ftopped, that nearly as much might 
run out below as fell in from above. Mat- 
ters being thus arranged, I immerfed in the 
tube flefh and bread, both by themfelves 
and mixed together. The folution was ex- 
_ceedingly fpeedy, on account both of the 
warmth of the atmofphere, and the conftant 
renewal of the gafiric fluid. Notwith- 
ftanding the tubes remained at perfect reft, 
only a few air-bubbles were difcharged; not 
the leaft inteftine motion could be perceived ; 
the flefth and bread fell immediately to the 
bottom, and remained there till they were 
- gradually incorporated with the gaftric fluid: 
in fhort, they were digefted without a fingle 
circumftance occurring that ufually attends 

fermentation. | 
ccexxxvil. If this procefs does not take 
place out of the body, it feems highly impro- 
bable that it fhould within; however, to be 
certain 


“ 
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certain of this, it was proper to confult the 
fenfes.. Is digeftion, according to Pringle — 
and Macbride; a fermentative procefs? Let _ 
us'then obferve it while it is going on, furs 


.prize Nature in her operation, and fee in what - 


it confifts. With this view, I gave four 
hens that had been kept fafting twelve hours, 
fome wheat, and in five hours opened the 
gizzard without killing them. This method 
I practifed in the following experiments, be- 
ing apprehenfive left opening the animal after 
death might not anfwer the end I had in view. 
Both gizzards were full of grains of wheat 
moftly broken, and mixed with a femifluid 
farinaceous pafte. The orifice of the pylorus 

and great part of the duodenum was full of thé — 
fame pafte, which had not in this cafe much | 
fluidity. Upon examining this pafte, both 
with my naked eye and the microfcope, I 


‘could not perceive any fign of fermentation ; 


the parts were at perfect reft, and entirely 
free from air-bubbles. I waited three hours 
longer before I opened the gizzards of the 
other two ducks, in order to fee whether what 
had not taken place at the beginning of the 
procefs, might not have happened when it 
was further advanced. In this cafe, the pafte 
was more diluted with gaftric liquor, and of 


the grains of wheat little was left but the 
bran; _ 
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bran; I obferved no more inteftine motion © 
or air-bubbles than before. _ 
ccuxxvitt. Mynext experiment was made 

upon three ravens that had not. yet quitted » 
the neft. Two hours after I had fed them 
with beef, I opened the ftomach .of one of 
them. The fleth was half diffolved, but I 
could not perceive any fign of fermentation. 
I made the fame obfervation upon the two 
others, which were opened an hour and three 
quarters afterwards, notwith{tanding digef- 
tion was finifhed; for nothing remained in 
the ftomach but a denfe grey fluid, confitt- 
ing of flefh diffolved in the gaftric fluid. 

AOL animals with membranous ftomachs I 
examined an owl, feveral dogs, cats, and 
land and water-{nakes, endeavouring always 
to make my obfervations at three diftinét 
times, at the beginning, towards the mid- 
‘dle; and at the énd of digeftion. But at no | 
time did I perceive any tendency to fermen- 
tation. In one dogand one cat only did I ob- 
ferve a few air-bubbles among the food after 
it was completely digefted; but there was not 
the leaft inteftine motion perceptible. Ser- 
pents, which are animals fo flow of digeftion, 
were well adapted to flew the progrefs of 
this function; but neither did they form an 
exception to the general obfervation. Thefe 
vot. I. Y facts 
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fas obliged me to reje the opinion of the 
Britifh phyficians and their followers; nor 
do I know whether that of Boerhaave is 
‘admifible, who, while he excludes a com- 
plete, infers an incipient fermentation from- 
‘the eruGations that arife after taking food 
‘(cexxx11); but this may be occafioried by 
‘the rarefaction of the air entangled among 
‘the aliment, by the mere heat of a flo- 
“mach. 

ccexxxix. Modern chemifts have diftin« 
guifhed three fpecies or degrees of fermenta- 
tion, the’ vinous or the fweet, the acetous, 
and the putrid. As they effentially confift in 
‘an inteftine motion excited by heat and a pro- 
pet degree of moifture (2); and as no fuch 
motion can be feen in the food in the fto- 
tach, it. follows, that not even the vinous, 
much lefé the acetous or putrid takes place in 
digeftion. It remains to be enquired, whe- 
ther this function is connected with a prin- 
‘ciple of acidity, as fome fuppofe, or of pu- 
trefaction, according to others. I fthall ftate 
the facts which appear to favour each of thefe 
opinions. . In behalf of the firft, its advo- 
‘cates adduce acid eru€tations and vomiting 


from the human ftomach, that ie Se 


(4) Macquer Did. Art. Fermentation. | 
acid 
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acid {mell which is exhaled from the ftomachs 
of granivorous birds and ruminating animals, 
the acetous tafte of the internal coat; the 
diminution of the bulk of the contents of the 
ftomach of man and animals, not to mention 
other arguments that may be {een in modern 
phyfiologifts, and efpecially in Haller. 
ecxL. The prodigious number of ftomachs 
I have opened, have afforded me opportuni- 
ties of acquiring full information on this 
point: In animals ftriG@ly carnivorous; fuck 
_ as birds of prey and ferpents, the food never 
has an acetous tafte; either to the tafte or 
fmell during the time of digeftion. The 
fame obfervation will apply to frogs and fithes ; 
and it may be extended toomniverous animals, 
fuch as crows, when they feed upon fleth; 
but the pultaceous mafs refulting from vege- 
tables; and in particular from bread, now 
and then acquire a flight acidity. I have 
_obferved the fame tafte in two dogs, and more 
frequently in herbivoreus animals, fuch as 
fheep and oxen; and alfo in thofe which are 
at once Reshivorous and granivorous, Viz. in 
the gallinaceous kind; and in the laft-men- 
tioned clafs, not only the food in the fto- 
mach had an acetous tafte, but that in the 
eraw likewife. In the third differtation will 
be found fome inftances of this (cxxxix, 
Y 2 SIR ob. 5 oly 
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CXL, CXLI, cxL111). With refpect to Man, 
I will relate what has happened to myfelf. 
During the whole month of May and great 
part of June, I eat ftrawberries with fugar 
and white wine at dinner and fupper. From 
this agreeable mixture I never experience any 
inconvenience in the daytime; but by what 
Tat in the evening my fleep is frequently 
difturbed; the contents of my ftomach rife 
almoft into my mouth, and then fall back 
again, leaving a moft difagreeable four tafte 
behind. This unpleafant circumftance does 
not, however, prevent mé from recovering 
my reft, and digefting my food perfectly. I 
have befides many times been fubje@ to a 
like difagreeable fenfation, after eating too 
much fruit in fummer and autumn. Every 
man muft fome time or other have been fen- 
fible of his meat and drink having turned 

four. 
ccxLi. I was further defirous of know- 
ing, whether the acid principle fometimes 
found in the {tomach, is capable of diffolving 
calcareous earth, and fuch other bodies as 
acids act upon. I accordingly gave fore car- 
nivorous birds pieces of coral and fea-fhells, 
and they were thrown up without any change 
of colour, or diminution of weight. This 
was What might-be expected. I next made 
the 
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the fame experiment on a hen and a turkey, 

which were killed in two days. The coral 
and fhells were very much corroded, and the 
former was reduced to pieces; but a mo- 
ment’s reflection {hewed me, that the corro- 
fion might be owing to the action of the {to-. 
mach, and not toanacid, The doubt, how- 
ever, might eafily be removed, by enclofing 
the fame fubftances in ftrong metallic tubes, 
The refult of feveral experiments made in 
this manner was, firft, that the pieces of co- 
ral and fhell were almoft always diminifhed ; 
but the diminution {carce ever exceeded three 
or four grains: fecondly, that the furface 
was foftened; and thirdly, that it was turned 
black, efpecially in the coral. I immerfed 
at the fame time the fame fubftances in di- 
luted vinegar, and as fimilar effeéts were pro- 
duced, and particularly the black calour, J 
inferred, that the phenomena rofe from a 
like caufe; laftly, I repeated the experiment 
on mytfelf, The tubes were covered as be 

fore (ccvi11), to prevent any feculent matter 
from getting into them. They were all voided — 
without inconvenience. When J] eat fleth, 
with the addition only of a little bread, the 
fubftances were neither diminifhed nar altered 
in their colour. But upon eating a large 
“quantity of different vegetables, the cor ral 
Y 3 and 
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and fhells were generally diminifhed and darks 
ened. Thefe facts prove the prefence of ay 
acid principle in the ftomachs of fome ani- 
mals, and Man himfelf. It is, however, not 
perpetual, but depends on the quality of the 
food. 

~eexLit. This acid foon sirapbeeenl J 


gave feveral gallinaceous fowls fome bread at 


the fame time. The ftomachs were examin- 
ed at different inter vals, viz. two, three, three. 
and an half, four, and five hours afterwards. 

As long as the bread preferved its confiftence, 


it was frequently acid; but as foon as it was 


reduced to chyme this tafte was totally loft, 
Nor could I. perceive the leaft fign of it in 
that which had paffed into the duodenum. 


-Imade upon myfelf the following obferva- 


tion. 

When the unpleafant acid tafte inane P. 
above (CCXL) came into my mouth in con- 
fequence of eating ftrawberries, I kept my- 
felf awake twice during the remainder of the. 


night. Acid eruétations continued to arife 


for fome time; they at laft ceafed; yet from 
a fenfe of weight I knew, that the contents 
of the We ee were not entirely digefted ; 
but the flatulence that came from them had 
no Jonger the flightett acidity. — 

CCXLIII. But 
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coxtri1, But what produces this acidity. 
in the ftomach? Does it come from the gaf- 
tric fluid, or from the food? There are good 
i grounds for rejecting the former, and admit- 
ting the latter of thefe fources. In the firth 
place, this acidity does not appear on all oc- 
cafions; I never could obferve it arifing from 
flefh. Now if it came from the gaftric fluid, 
why fhouldit not be communicated te every 
kind of food, fince every kind is alike impreg- 
nated with it? Secondly, when I eat vegeta 
bles, the effects of an acidin my ftomach were 
apparent, but not when I eat flefh (ccxL1)« 
‘Thirdly, when vegetable food is completely 
diffolved by the gaftric fluid, it then lofes.al} 
acidity (ccxri1), Laftly, if acid bread be 
 enclofed in tubes and given to a crow, when 
it is thrown up four or five hours afterwards, 
the little that remains inftead of being four, 
is now turned {weet. | 
cexLiv. Notwithftanding theje proofs, 
that this acidity i is not owing to the gaitric 
fluid, but to the tendency ae food itfelf has 
to turn four whenever it is ina warm tempe- 
rature, is it not fuppofed, that this fluid both 
in Man and animals is of ah acid nature? ~ 
Have not moft of the antient and many mo-~ 
dern phyficians fubfcribed to this opinion? I 
fhould therefore have incurred the reproach 
Y4 of 
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of negligence, if I had not undertaken a 
chemical analyfis of it. The gaftric fluid of 


every animal mentioned in thefe differtations, 


not excepting my own, was fubmitted to 
the following experiments. Having taken 
the precautions above defcribed (LXXXI, 
ccxv), to procure it ina ftate of purity, I 
dropped it upon falt of tartar per deliquium, 


and into the nitrous and marine acids, without 
ever perceiving any change of colour, any mo- 


tion or effervefcence; whence I was obliged 
to infer, that the gaftric fluid is neither acid 
nor alkaline, but neutral. I thought it 
would alfo be proper to fubje& thofe kinds 
which could be procured in large rear 
as that of the crow, to the action of fire; I 
therefore entreated my illuftrious ciieees 
and friend, Counfellor Scopoli, to undertake 


the analyfis, as he was not only provided with 


the proper apparatus, but eminent for his 
fkill in chemiftry, of which {cience he is de- 
fervedly public profeffor. He complied with 


my requeft, and in a few days favoured me 


with the following account. 


Chemical 


j 
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Chemical Atay of the Gajirie Pid Ls the 


Crow. 


© The liquor is turbid, and of a darkifh 
colour. When fhaken it emits 2 fmell rather 
difacreeable, 

When triturated with quick- lime or falt of 
tartar, a fetid urinous odour is exhaled. 

Jt does nat effervefce with either of the 
mineral acids. It gives rather a green hue to 
fyrup of violets, 

_ Two drachms expofed toa gentle heat left 
a dark - coloured fediment weighing two 
grains, which attracted the humidity of the 
air. This refiduum had a naufeous fmell, 
It did not efferyefce with acids. 

I next filtered and diftilled it. A darkith 
matter was left upon the filter, which, when 
it-was dried, appeared in the form of a nut- 
_ brown powder, of a falt and bitter tafte, 

The liquor which pafled into the receiver 
was divided into five portions. The firft had 
a flight tafte, and an empyreumatic {mell, 
The fecond had a ftronger tafte and {mell. 
~The third, fourth, and fifth refembled the 
fecond, but the laft had the ftrongeft empy- 
peurna, 


The 


: 
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The belly of the retort was almoft en- 
tirely covered with a white faline fubftance, 
which upon being triturated with quick-lime 
emitted a fetid urinaus fmell, In the bottom | 
there remained a tough dark-coloured fub- 
ftance, refembling an extract. It did not ef. 
feryefce with acids; its fmell was empyreu- 
matic, and its tafte falt, bitter, and naufeous, 
This falt is neither acid nar alkaline, for it 
doesnot effervefce either. with acid or al- 
kalies; but when a little oil of tartar per dee 
iquiym is mixed with it, it emits a pene-— 
trating urinous odour, exactly like fae of | 
fal ammoniac. 

From thefs experiments we may comeeiea 
that the gaftric fluid contains, firft, pure 
water; fecondly, a {aponaceous and gelatinous 
animal fubftance; thigdly, fal ammoniac ; 
fourthly, an earthy matter like that which 
exifts in al] animal fluids. 

The faponaceous fubftance altered by fire 
emits that unpleafant empyreumatic fell. - 

The fal ammoniac being enveloped by the 
foapy matter does not fublime, as it does 
when not entangled by other fubftances, : 

The gaftric fluid of the ¢row precipitates 
‘ filver from nitrous acid, and forms luna core - 
nea. ‘This phenomenon might induce us to 
fuppofe, that common {alt exifts in the gaf- 

wy : tric 
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tric fluid; but as the falt contained in this 
fluid is not common falt but fal ammoniac, 
we mutt fuppofe, that the filver i is feparated 
*. from the nitrous, .on account of its {tronger 
attraction for the marine acid, which alfo far 
exceeds the attraction of the veratt alkali 
for the latter acid, 
I with you would repeat thefe ubferva- 
tions on the gattric fluid of animals feeding 
only on vegetables. Ifin this alfo fal ammo- 
niac fhould be found, we muft conclude, that 
the marine acid is generated by the animal 
- powers ; and we might fufpe@, that the ma- 
rine acid of fea falt is produced by the ant- 
‘mals that inhabit the ocean, This is how 
ever a mere conjecture. | 


' Tam, &c. 


ScoPoLl, 


” 


A little after I had dhonid this account 
from my celebrated colleague, I quitted Pa-— 
~via, to {pend the fummer vacation in my own 
country, where I had no: opportunity of 
making experiments on the gaftric fluid of any 
animal ftrictly herbivorous, though I earneftly 
withed for it. I obtained, however, {atis- 
| : . fattory 
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factory proofs from the raven, that the ammo-, 
niacal falt does not depend on animal food, 


but on the powers of life, I fed five ravens | 


for fifteen days on vegetables alone, and then 
by means of fpunges procured a quantity of 
gattric fluid, which I fuppofed would have 


no properties that could be afcribed to ani- 


mal food. When I] made with it the expe- 
riments defcribed above, it did not appear 
to be acid or alkaline; it had a falt tafte, and 
upon pouring a few drops into a folution of 
filver in the nitrous acid, luna cornea was 
precipitated. There is therefore every rea- 
fon to fuppofe, that if this fluid was diftilled, 
fal ammeoniac would be obtained; and there- 
fore, that the marine acid is the product of 
the animal powers. But whatever we are 
to think either of this or the other ingenious 
conjecture of my colleague, which have in- 


deed little connection with our prefent en= 


quiry, it is certain, both from his experi- 
ments and my own, that the gaftric fluid is 
not either acid or alkaline, but neutral, | 

CcexLv. But I muft not conceal thofe ar- 


guments which are adduced to prove, that — 


_ there is a latent acid in this fluid, though it 
‘cannot be deteéted by any of the ordinary 
chemical means. It is well known, thata 
{mall quantity of acid will curdle milk, an 

effect 


Re 


- 
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éffe& produced in the ftomach of animals, 


_ and of fucking calves in particular, in which 


cafe we cannot fufpeé any vegetable acid to 
be prefent; the phenomenon mutt, there- 
fore, be attributed to the latent acidity of the 
gaftric fluid. And as it is continually fe- 
creted by the internal coat of the ftomach, 

we cannot be furprized, that this coat in fome 
animals fhould retain the property of curdling 
milk; This is well known to cooks, who, 
when they have no rennet, take the innermoft 
coat of the ftomach of a fowl and fteep it in 
water; which water, when thus impregnated 
with the juice of the ftomach, will ferve for 
turning milk as well as rennet itfelf. 

- Hence fome have fuppofed, that the fto- 
machs contains a latent acid. My firft ftep 
was to afcertain the fact. I therefore tritu- 
rated the internal coat of a hen with water, 
which was thus rendered turbid, and in an 
hour and a half curdled a quantity of milk.. 
The fame effect was produced by the internal 
coat of other gallinaceous birds, viz. the ca- 
pon, turkey, duck, goofe, pigeon, partridge, 
quail, treated in the fame manner. I further 
difcovered, that this property belongs alfo to. 
intermediate and membranous ftomachs, by 
experiments on that of the crow, heron, birds 
of prey, the rabbit, the dog, cat, various 

sie reptiles, 
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reptiles, and feveral fealy fithes: In thefe 
trials the ftomachs were frefl. I next tried 


dried ones, chiefly | taken from. the gallinas _ 


ceous clafs, which being almoft of the con+_ 
fiftence of horn; become diy in a very {hort 
fpace; and at the fame time exceedingly 
brittle: The refults were the fame as before: - 
Nor did it make any differenee, though they 
had been kept ever {6 long: I Have had for 
three years the internal coats of the ftomach 
‘of feveral fowls; and upon triturating them - 
with water; while I am writing; they curdle 
imilk as well as at firft: If they are pounded 
and mixed with milk, they anfwer the ied 
pofe equally well: _ 

cexivi. But is this property sonfine td 
the internal coat? It was eafy to determine © 
this by treating the others in the fame man- — 
her. The nervous coat las this property in © 
fome degree, but falls fart fhort of the inter= — 
nal: Whether cut into fmall pieces aid ma=> 
€erated in water, or mixed immediately with 
ilk, the effeét is not fo fpeedily produced; — 
hor fo confiderable; nor are the curds fo hard: 
The mufcular and cellular coats have not this 
property in the fmalleft degree, at leaft in 
- gallinaceous birds, upon which thefe expe=— 
firnents were made. Hence it would feem; 


that it refides in the internal coat folely ; for 
ei 


5 
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the effets produced by the nervous coat, may 
be owing to its lying in conta@ with the 
formers 

e¢xLvit. But is this property inheteiit in 

_the internal coat, or adventitious, and owing 
to the gaftric fluid with which it is impreg= 
nated? I incline to the latter opinion, finee 
‘the gaftric fluid fo readily curdles milk. I 
Should weary my reader, was I to recount all 
my experiments. [I will therefore only fay, 
that the gaftric fluid, from whatever animal 

it was obtained, pofleffes this property; whe- 
‘ther procured by {punges, by opening the fto- 
anach and expreffing it out of the glands, and 

the mouths of the little arteries, with which 

‘this vifeus in general abounds. JI have fur- 
‘ther found, that the gaftric fluid need not be 
frefh. That of crows, at leaft, preferves i its 
virtue for three months. . 

CéxLviti. Butisita neceflary confequence 
of thefe experiments, that the gaftric fluid 
contains an acid? As no chemical teft thews 

‘this quality, there can be no juft motive to ad- 
mitit, unlefs it can be proved to be a necef- 
fary confequence of the curdling-of milk. 
“This is maintained by the illuftrious Mac- 
quer among others, who is of opinion, that 
whatever bodies of the animal and vegetable 
: kingdom 


mere 
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kingdom coagulate milk, have either a maa | 


nifeft or occult acidity (a): 
The foundation of this opinion is the com= 


mon obfeivation; that acids afe the fole caufe 


of the eurdling of milk. To this reafoning, 


’ 


I thall only eppofe a fingle fact: I have dif- — 


covered, that though feveral animal fubftances 
are incapable of prodacing this effect, yet 
others have this property: Thus for inftance, 


if the blood or bile of a turkey be mixed 


with milk, it will retain its fluidity; but 


a 


pieces of the heart, liver, or lungs of that — 
bird, will curdle it readily. This obfervation | 
‘is not merely owing to accident; I have made © 


the experiment repeatedly with different tur- 
keys, and always with the fame fuccefs. If 
therefore the coagulation of milk be always 
owing to an acid, we muft fuppofe an acid in 
the heart, liver, and lungs of the turkey, I. 
am aware, that many chemifts, in oppofis. 
tion to the Boerhavian {chool, think a real 
acid exifts in the different parts of animals, 
and particularly in the blood; but according 
to this hypothefis, I cannot comprehend, 
why the blood of the turkey and other ani- 
mals does not coagulate milk. With refpec 
to the latent acid of the gaftric fluid, I fhall 


(a2) Art. Milks 
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very willingly leave my readers to adopt what 
opinion they fhall think moft probable. The 
milk I employed for my experiments, was 
fometimes that of the fheep, but generally 
of the cow. It curdles fpontaneoufly, as 
every one knows, fooner or later, according 
to the temperature of the atmofphere. When 
I mixed it with gaftric juice, or any other 
fluid, I always left another portion by itfelf. 
In the former cafe, the coagulation foon took 
place without any fign of acidity, whereas 
milk alone required feveral hours, and fome- 
times a day or two, and the coagulum had 
always an acid tatte. 

_ CCXLIx. But it is time to Psst the rea- 
fons adduced by others, to prove that digeftion 
is attended with an incipient putrefadction. 
Thefe reafons are founded upon faéts related | 
by different authors, and detailed in their 
order by Haller, in his great work (a). No- 
thing, according to them, can be more evi- 
dent, than the figns of putrefaction during 
digeftion. The ftomach of a hyena and of 
a ferpent, have been obferved to emit an in- 
tolerable ftench. ‘The breath of the lion and 
eagle is very feetid, as alfo that of the dog, 
when digeftion has been prevented by the 


(a) 'T. 6. 
moe 1. Zz | exhi- 
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exhibition of opium. A dog without taking 
opium; was obferved to emit an excremen- 
titious odour from his {tomach ; the food in 
“the ftomach of birds has nearly that fmell. 
The fame obfervation has been applied to 
fifhes; and the inftance of a dog- fith has 
been adduced, of which the ftomach was full 
of a fcetid jelly, that contained the food dif- 
folved. ‘The contents of the human ftomach 
| fometimes become fcetid. Vegetable fub- 
ftances alfo degenerate into a putrid mafs, 
when they continue long in the ftomach, as — 
appears from the putrid {mell they exhale, 
the green colour they impart to tincture of 


mallows, and the alcaline ieing a3 wae af~ 


ford on diftillation. 

After havi ring related thefe facts, the Swifs 
phyfiologift pfocedds to give his own opinion. 
He thinks, that in digeftion there is only 
an incipient, not a complete putrefaction ; 
which only takes place when the food remains 
a long time in the ftomach, as is evident from 
the facts juft mentioned. He alfo fuppofes, 
that the change produced by the digeftive 
powers, efpecially in the human ftomach, ap- 
proaches nearer to putrefaction than acef- | 
cency; this he infers, from the putrid fmell 
that exhales from flefh found in the ftomach 
of fome animals, notwithftanding there has 

been, 
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been no impediment to digeftion (2). ‘This 
opinion, adopted hago Haller by Boer- 
haave (4), has moreover been received by twa 
celebrated writers, Gardane (c), and _ 
quer (d). 

WE CLi Notwithftanding the refpe@table au- 
thority of thefe authors, I do not think the 
facts adduced, fufficient to perfuade an im- 
_ partial philofopher; they are not only too 
few, but were obferved by mere accident; nor 
had the obfervers the fmalleft intention of en- 
tering into a full difcuffion of this point. 

Though the time requifite for digeftion in 
_ different animals is different, yet in many it 
does not exceed five or fix hours, and in fome 
is {till fhorter. Now it feemed proper to exa< 
mine what change flefh fet to putrify, would 
undergo in that {pace of time; I therefore 
took fome frefh' veal cut into {mall pieces; 
and put it in a phial of water, which was _ 
ftopped with paper. The phial was put into 
a ftove, where the mercury rofe to between 
30 and 35°. 

About the beginning of the fourth hour, 
the flefh had loft its red colour, and was 


fa) hi €: 
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turning blue. . It was alfo become flabby, but 
for nine hours it had no putrid {mell. Mut- 
ton and beef, in feveral trials, did not anfwer 
to this time exactly, but no bad {mell was 
ever perceptible for eight hours. Thefe ex- 
periments fhew, that flefh eaten by many ani- 
mals, among which Man may be enumerated, 
has not time to run into the putrefactive fer- 
mentation; efpecially as the temperature of 
animals is lower than that to which thefe fe- 
veral forts of meat were expofed. However, 
for greater certainty, I made. the following 
trials. I have before mentioned introducing 
into the ftomachs of crows, pyriform glafs 
veflels, of which the {mall end was open, 
and came out at the mouth (Lxxx1rx). 

I now took two of them, and putting fome 
beef, with a little water, into one, and fome 
veal into the other, forced them down the 
throat of fome crows. In order to examine 
the ftate of the flefh, I now and then drew 
them up, and immediately returned them. 
Between the ninth and tenth hours, the beef 
emitted an odour, which though it could not 
be called putrid, was difagreeable. At the 
expiration of the tenth hour, there was a 
diftin@ putrid fmell that became gradually 
{ftronger and {ftronger. In a day the flefh 
turned livid, acquired a naufeous tafte, and 


the 
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the particles began to feparate. The fame 
appearances took place rather fooner in the 
veal. It therefore appears, that flefh in the 
heat of this {pecies of bird ‘requires a longer 
time to putrify, than to be digefted. After 
the glafs veffels were taken out of the fto- 
-mach, I gave one of them the fame quantity 
of beef and veal; and upon opening the fto- 
mach in three hours, found that it’ was*en- 
tirely confumed. 

cci1. Thefe experiments prove, that no 
putrid tendency is ever acquired by meat du- 


. ring digeftion. Nor did I ever perceive any 


fuch tendency in food lying in the ftomach 
(Lxv, ccix); yet as I had never made ex- 
periments for this exprefs purpofe, and as 
fome phyfiologifts adduce fa¢ts to prove the 
contrary (ccxL1x), I was under the neceflity 
of examining the ftomach of various animals, 
with this fole view, 

Four hens were fed with kid, “ai in two 
hours one was killed: the {tomach was full ;. 
the fleth ftill retained its natural {weet favour, 
which at the furface was mixed with a bitterifh 
tafte, occafioned by its being impregnated with 
the gaftric fluid. It had no fimell, except that 
of this fluid. An hour afterwards the fto- 
mach of another hen was examined; and here 
the flefh was beginning to be converted into 

Z 3 a ge~ 
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a gelatinous pafte, its fmell was rather dif 
agreeable; I know not how to defcribe it, _ 
but it was not at all penetrating, or putrid; 
the colour was ftill reddifh, it had not the — 
leaft naufeous tafte, nor did it effervefce with 
acids, or change the colour of fyrup of vio- 
lets. Thus we fee, it fhewed no fign either 
of incipient, or advanced putrefaction. In 
another hour the third hen was killed: the 
ftomach contained a pultaceous mafs, more 
fluid than in the former cafe; but there was 
not the {malleft token of putrefaction, any 
more than in the fourth hen, which was 
opened three hours afterwards, when the 
craw was empty, and the contents of the 
gizzard were now diffolved, 

- ecLit., Some frogs juft killed were fet be 
fore two herons; the birds being hungry, de- 

voured them greedily. In fix hours one of 
them was opened; but whether the tough- 

nefs of the {kin retarded digeftion, or whether 
that procefs is flow in herons, the frogs had 
not loft their fhape; though the heads and 
limbs were either feparated, or on the point 
of being feparated from the trunk, and the 

flefh was become very foft. The tafte, ex- 

cept the ufual bitternefs, had nothing nau- 

feous, and the {mell was by no means putrid. 

I waited five hours ronger before I killed the 

fecond ; 
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fecond; when I found but little fleth in the 
ftomach, and that little was entirely decom- 
pofed, but did not emit au leaft putrid 
{mell. 

If fowls and herons afforded no token of 
putrefaction, much lefs could I expe it from 
the birds upon which my next trials were 
made; I mean, young owls, which digeft 
fleth in three, or at moft four hours. A young. 
dog and cat were next fed, at the fame time, 
with boiled beef: The former was opened in 
four hours and an half. The ftomach was 
full of a mafs of foftened flefh, which emitted 
a very flight {mell, exactly refembling the 
fmell of the gaftric fluid. The ftomach of 
the cat was opened in five hours and an half, 
and was found to contain fome remains of 
flefh, or rather a pulpy matter, which as in 
the. former cafe, had the {mell of gaftric fluid, 
The flefh, when nearly digefted, did not 
_ change the colour of iyrup of yiolets, or ef- - 
feryefce with acids. - 

ecLili. There are animals which revait 
the food in the ftomach for a much longer 
time, as the falcon, Of that upon lich I 

made fo many experiments, I have already ob- 
ferved, that it would devour. a whole pigeon 
at once, and continue without food the whole 
day afterwards (cLx). Whence, as alfo from 

ZL 4. its 
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its great bulk, we may infer, that the flefhre- 
mains a long time in the body before it is en- 
tirely digefted. Some months after this was 
_ killed, another of a different {pecies fell into 
my hands; it was. of a larger fize, and had 
no craw, fo that the food paffed immediately 
into the ftomach. Notwithftanding it was 
pretty tame, and therefore valuable, yet I 
facrificed it for the fake of thefe experiments, 
eighteen hours after it had devoured a chicken. 
What remained in the ftomach weighed two 
ounces; it confifted of a pulp, in which the 
fibres could yet be difcerned; but neither 
when {ubjected to the befpre-mentioned che- 
mical trials, or when {melled and tafted, did 
it fhew any fign of putrefa@tion. But among 
the animals that retain their food for a long 
time in the ftomach, thofe with cold blood, » 
and {pecially vipers, are, as we have feen, 
the moft remarkable. A piece of lizard’s tail 
preferved fomewhat of its mufcular ftructure, 
after having remained five days in the ftomach- 
of a land-fnake (cxviit). Three water 
{nakes had not confumed all their foad at the 
_ end of three days (cxx1). Another not even 
in fix days (cxxv). A lizard remained fix- 
teen days in the ftomach of a viper, without 
lofing its natural form (cxxvi1).. Other 
cold animals, {uch as eels, newts, and frogs, 

mutft 
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- muft not be forgotten. Four eels that had 
eaten fifh, retained a little after the expira- 
tion of three days, eighteen hours (cxxrx). 
On the fifth day, fome frogs had not quite 
digefted pieces of inteftine (cvr); which alfo” 
happened to newts, two days after they had 
been fed with earth-worms (cvii1). But 
notwithftanding the food continued fo long 
in the ftomach of thefe feveral animals, [ 
have exprefsly noticed, that it had not begun 
to putrify (cxxvi1). 

ecLtiv. I have met only with two in- 
. ftances which though they do not coimcide 
_ with this invariable conftancy of nature, by 
no means detract from the certainty of the 
confequences that are to be deduced from it. 
Among the crows that were obliged to fwallow 
tubes for a confiderable length of time, fome 
_fuffered in their healths, and became lean, 
though they were copioufly fupplied with food. 
But as they did not take it voluntarily, and as 
it was my with to keep them alive for the fake | 
of experiments, I forced fome flefh down the 
throats of two, but tono purpofe; for they 


both died, one thirteen, the other fifteen 


hours afterwards. My curiofity led me to 
epen them, and I found that the flefh con- 
tinued whole and undigetted, and moreover 
that it was become putrid. But this evidently 

arole 
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arofe from the morbid condition of the anio 
mal, by which the gaftric fluid was:altered,. 
‘and. rendered inefficacious. For this {pecies: 
of birds, as I have feen in a hundred inftances, 
digefts flefhy very {peedily, and without any 
token of putrefaction appearing. It is alfo 
probable, that the putrid ftate of the food in 
the animals mentioned in the cexirxth pa~ 
ragraph, arofe from their morbid condition; — 
efpecially as it remained fo long in the fto- 
mach of fome of them. It may alfo happen, 
that when an animal in health is killed and 
kept unopened a confiderable time, as often 
happens, the food in the ftomach may be found __ 
in a putrid ftate. F 

In the fame paragraph, the br nia of the 
lion and eagle are faid to be feetid. That of — 
the lion I never had an opportunity of examin- 
ing, but with the eagle it is far otherwife; 
for when I ftroaked the head gently, it would 
fometimes open its mouth, and raife a gentle ~ 
cry; on thefe occafions it neceflarily. ‘made a 
long expiration, and in winter the breath ap= 
anced in the’form of a little cloud. This 
cloud I have often fmelled, and caufed others 
‘to fmell, both when the bird was fafting, 
when the ftomach was full, and when the 
food: was recently igatted: but it was never 
. feetid, 
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foetid,. and indeed. did not feem to have any 
_ kind of odour. : 
ecLty. The experiments deferthed in the 
CCL; CCLI, ccLit, and cciiiid paragraphs, 
not only thew that digeftion is unaccompanied 
by putrefaction, but might induce us to fup-— 
pofe, that the ftomach is provided with an 
antifeptic principle. Flefh inclofed in the 
pyriform glaffes that were introduced into the 
ftomach of crows, fhewed evident figns of 
putrefaction i in ten hours ; whereas in eighteen 
they fhew no appearance of the sini when 
-it is in immediate contact with the ftomach 
(ccxiit). And although ferpents, and the 
other. amphibious animals above-mentioned 
{ccLii1) are of a cold temperature, yet in 
their temperature, which is nearly equal to 
that of the atmofphere, flefh becomes putrid in 
two days, fometimes in one, and fometimes 
even in a fhorter time, while in their ftomachs 
_ it remains untainted frequently fora much lon- 
ger fpace. I could not therefore but conclude, 
that there is prefent in thefe cafes, fomecaufe 
_ that prevents the corruption which fupervenes 
out of the body. What can this caufe be? It 
was not difficult to detectit. I called to mind 
thofe unfinifhed digeftions, which take place 
when flefh is immerfed in gaftric fluid contained 
in phials ; where it is diffolved without ever 
turning 


~ 


~ 
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turning putrid, notwithftanding it is kept long 
enough, and expofed to a fufficient heat. I 


could not then doubt, that the gaftric juices 
are at once the folvent, and the prefervative 


from putrefaction. Further reflection fur- 
nifhed me with proofs ftill more decifive. It 
appears from various paflages in the prece- 
ding differtations, that in attempts to produce 
artificial digeftion, little or no folution takes 


place, unlefs the fluid extracted from the {to- _ 
mach is expofed to a confiderable heat (cxi11, — 


€LXXXVI, CCI, ccxvi1). But without this 
condition, it retains its antifeptic powers 


(cLxxxvi, ccxvi1). Two phials, one con+ 


taining fome gaftric fluid from a crow, and 


the other from a dog, together with fome veal — 


and mutton, were kept thirty-feven days in 
winter, in an apartment without fire: the 
flefh was not either confumed or turned pu- 
trid; while fome that was immerfed in water, 
began to emit a foetid {mell on the feventh, 


and about the thirtieth day was changed into © 


a very offenfive liquamen. It ts proper to 
add, that the gaftric fluid at laft lofes, though 
kept in phials ever fo clofely ftopped, its an- 
tifeptic quality, but it never becomes putrid 


itfelf. This at leaft I found to be the cafe 
with fome taken from a crow, and kept two 


months. 
ccLvi. The 


_ 
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-cetvi. The difcovery of this antifeptic 
property led me ‘to enquire what would be 
the effeét of immerfing flefh, more or lefs pu- 
trid, in gaftric fluid. Four portions that had | 
an infupportable fmell, were fet in four bot- 
tles, which I filled with four different kinds 
of gaftric fluid, viz. of a dog, a crow, an 
owl, andan eagle. ‘This was done in March, 
and the bottles were kept twenty-five days in 
an apartment, where the heat was never lefs 
than 8, and never exceeded 12°. I could 
not perceive that it was at all more diffolved | 
than if it had been immerfed in water. With 
refpect to the fcetid {mell in the phials con- 
taining lamb and veal, it continued unchang- 
ed; but in the two others, which contained 
fowl and pigeon, it feemed rather diminithed. 
This refult fuggefted to me, that the gaftric 
fluid might not only impede purreaion, but 
reftore putrified fubftances. 1 therefore re-+ 
peated the experiment in June, and found 
that my fufpicion was well founded. Some 
fowl and pigeon, in which putrefaction was 
pretty far advanced, were immerfed in the 
gaftric fluid of a dog and falcon, and re- 
mained in it thirty-feven hours, in which 
time they were reduced to a jelly, but had 
nearly loft their offenfive {mell. On com- 

paring this with the preceding experiment, 
I con- 


¥ 
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I conjectured, that the fuperior efficacy of the. 
gattric fluid in the latter cafe, proceeded from 
the warmth of the feafon: and this induced 
me to expofe the fame fleth under the fame 
‘ circumftances, to the fun about the middle © 
of June. And now ten hours completely * 
took away the feetid {mell. I did not negle& 
making the fame experiment with the gaftric 
fluid of other animals; the fleth generally 
Toft its difagreeable odour, but fometimes for 
areafon, which I cannot aflign, retained it in 
part. It is proper to add, that the recent 
fluid was always more efficacious than the | 
old. een he 
ecivir. If we confider the cctv and 
ccLvith paragraphs, we mutt conclude, that 
putrid flefh lofes this quality in the ftomach 
of animals. Before I attempted to afcertain 
this point by experiment, nature herfelf gave 
mea decifive proof of it. At the time 1 kept 
a great number of fowls for my enquiries, | 
perceived that when they are allowed to eat 
at will, they.cram-their craw fo full, that it 
is fixteen or twenty hours before it is com-= 
pletely evacuated. Curiofity led me to kill a 
cockrel that had about an ounce of meat, 
which happened to be bruifed flefh, remain- 
ing in its craw: and I was ftruck with fur- 


prize, when I perceived that it had a ftrong 


putrid 
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putrid {mell ; it was become foft, had a dult 
 yed colour, and a naufeous tafte: I imme- 
._ diately proceeded to examine the contents of 
the ftomach; but hereI found the fleth quite 
decompofed with a bitter fweet tafte, anda 
fmell not in the leaft foetid. The liquor 
therefore of the ftomach, had corrected the 
putrid quality which the fleth had acquired in 
- thecraw. The fame thing took place in fome 
hens. The fleth in the craw became putrid 
in fixteen hours, while that in the ftomach 
had no difagreeable odour. It fhould, how- 
ever, be remarked, that the putrefaCtive fer- 
mentation never runs fo high within the craw, 
as it does out of the body, even when the heat 
is lefs ftrong. Whence I fufpected, that the 
fluid of the craw might alfo poffefs an anti- 
feptic power, though in a degree very far in- 
ferior to that of the ftomach. 
ecivill. I took a putrid piece of beef’s 
- lights, and dividing it into five portions, faf- 
tened a ftring to each, and then thruft them 
into the ftomachs of five ravens. The end of 
-the {tring was brought out at the beak, as on 
- former occafions (txvii1), that I might be 
able to examine the flefh at pleafure. In three 
quarters of an hour, two of the pieces were 
drawn up: they were wafted, and at firft 
feemed to have loft their putrid {mell, but 
upon 


nae 
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upon wiping off the gaftric fluid, it became 
again fenfible, but it was much diminifhed. 
Half an hour afterwards another piece, upon 
examination, was found to be ftill more 
waited, and to have loft almoft all its bad 
odour, even when the gaftric fluid was care- 
fully wiped away. In an hourafterwards the 
two remaining pieces were drawn ap. They 
were reduced to the fize ofa pea, and it would 
have been impoffible to tell that they had been 
ever putrid, fo perfectly were they recovered ; 


_even the tafte had nothing difagreeable, ex- 


cept the bitternefs which is always prefent on’ 
fuch occafions. 


‘The great length of the neck prevented 


~ me from repeating this experiment upon the 


heron. I forced a. femi-putrid frog, from 
which the {kin had been taken, into the fto-.' 
mach, but I could not draw it up again; it 
was therefore neceffary to cut the ftring at 
the beak, when the bird immediately fwal- 
lowed it. It was my intention to kill the 


heron in about an hour, that I might ex- 


amine what change the frog had undergone. 
But it was vomited before that time, pro- 
bably on account of its being a difgufting 
food; for however greedily the heron devours 
living fifhes and frogs, it abftains from them 
when they are turning putrid. .The gaftric 

; | fluid 
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Auid had, notwithftanding, exerted both its 
antifeptic and folvent powers, during the 
forty-three minutes the frog had been in the 
ftomach. Some tin tubes were then filled 
with putrid’ fifh, and given to the animal; 
they were not, as before, thrown up, perhaps, 
becaufe the putrid matter was not in contact 
with the ftomach. ‘The bird was killed three 
hours afterwards ; what remained in the tubes 
weighed one-feventh of an ounce; it. re- 
fembled a thick gelatinous pafte, in which.a 
few flefhy fibres might yet be diftinguithed, 
and which ein a no veitige of its focg 
putrid ftate. 

ecxiix. I treated piece {mall birds of prey, 
fuch as the two fpecies of owl above de- 
feribed, and a-young hawk, as I had done 
crows (Civili). ‘They were fed with intef- 
tine, liver, and lungs of fheep, more or lefs 
putrid. Solution took place, and the putre- 
faction was corrected according to the time of 
the continuance of the flefh in the ftomach. 
The hawk twice threw up what it had {wal- 
lowed, probably, becaufe its putrid {tate made | 
it difagree with the ftomach, for this never 
happened when it was fed with frefh meat. 
The gaftric juices of the eagle produced the 
fame effect upon flefh inclofed in tubes, and 
introduced into its ftomach. Animals of cold 
boiVoL. I, Aa blood 


354 DISSERTATION VE 


blood having very flow digeftive powers, were 
long in correcting the putrefaction of fleth. 
This effe€&t, however, was at laft produced. 
The only precaution neceffary, was to return 
the fubftances into the ftomach when they 
were vomited, which often happened. ay 
The laft experiments I made with this view, 
were upon a cat, a dog, and myfelf. I was 
obliged to force the putrid flefh down the 
throat of thefe animals, for notwithftanding 
they were exceedingly hungry, they obfti- 
nately refufed it. The dog retained what was - 
forced upon him, but the cat vomited it along 
with a quantity of foam, and a liquor that 
appeared to be gaftric fluid. The fleth, which 
when it was given was exceedingly feetid, 
had now loft its fmell entirely; of this, ano- 
ther cat, by eating it without afterwards 
throwing 1 it up, gave mea clear proof. Upon 
opening “the ftomach, I found the flefh half 
digefted, and with no other {mell than that 
which frefh meat. ufually emits in hike cir- 
cumftances. Intwo hours and a half the dog 
was opened. The fleth lay in a little lake of 
gaftric fluid, nearly decompofed, nor did it 
either in tafte or {mell refemble tainted meat. 
‘The experiment I made on myfelf, confifted 
in fwallowing, at five different times, five 
tubes covered with linen, like thofe men- 
- tioned 


\ 
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tioned in the ccvi1ith paragraph: they were 
full of different forts of putrid flefh. I voided 
them feparately, and in each there was fome 
of the contents remaining, but not one ex- 
hibited the f{malleft token of putrefa¢tion. 
Hence then it appears, that the various claffes 
of animals, and Man among the reft, in an 
healthy ftate, are endowed with the power, 
not only of checking the putrefaction of fub- 
ftances lodged in the ftomach, but alfo of 

correcting them when already putrid. 
ccLx. By this difcovery I was led to reflect, 
that many animals living upon flefh, and mat- 
ters that have a tendency to run into the pu- 
trefactive fermentation, never feed but upon 
fuch as are frefh and {weet; and that, if by 
any accident putrid food fhould get into the 
ftomach, they are fubje&t to vomiting and va- 
rious bad fymptoms, and even death itfelf: 
fome inftances of vomiting excited by this 
caufe, may be feen above (CCLVIII, CCLIXx) ; 
while on the other hand, many animals de- 
light in corrupted fubftances, as for inftance, 
the multitude of loathfome infects and worms 
that refide in fewers and fepulchres, and feed 
_upon decaying carcafes. Among birds and 
quadrupeds, there are alfo fome that feek 
tainted flefh; fuchas the crow, the kite, the | 
vulture, among the former; and among the 
Aaz2 . late 
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latter; the chacal and the hyena. While other 
animals fly the miafmata that arife from bodies 
in-fuch-a ftate, thefe feck and are guided by 
them to their abominable repafts. But now 
we are acquainted with the antifeptic virtue 
of the gaftric fluid, the difgufting manners of 
thefe chaise ought no longer to furprize us, 
for the food, however putrid, muft be totally 
changed before it is converted into nutriment. 
and oneal: And although the putrid 
quality is corrected by other animals, yet food 
in that {tate is noxious to them, on account 
of the difagreeable impreflion it makes on the 
organs of Meal) and tafte, as alfo upon the 
ftomach; by which, and particularly by their 
noifome miafinata, the nervous fy{tem is pro- 
bablyirritated. It befides feems likely, that 
the antifeptic power of the gaftric fluid of the 
former, is greater and more efficacious, and 
confequently that it more readily and more | 
completely corrects putrefaction. Habit, 
which is juftly reputed a fecond nature, may 
bring animals, that naturally abominate pu- 
trid food, to live very well upon it. We 
have. already feen the converfion of a pigeon 
from a.granivorous into a carnivorous animal 
{cutxxv); and I brought it to eat not only 
freth fleth, but fuch as was fetid, and-even 
star, oy putrified. The bird at firft ab- 

folutely 
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folutely refufed it, and I was obliged to force 
it into the ftomach; for fome days it fuffered. 
from this treatment, and became evidently 
leaner.’ But by degrees nature became inured 
to the food, and the pigeon, ftimulated by 
hunger, took) it fpontaneouily, till at laft it 
recovered its plumpnefs; and now its. appe+ 
tite for tainted, was as keen as it had been 
before for fweet meat. We may learn: from 
this inftance, that cuftom i is capable of chang~ 
ing difagreeable, and even noxious food; inta 
’ good nourifhment, > ats 

ccLx1. But what fhall we fapbolk pe 
the gaftric fluid to check and cofrect. putres 
faction? As it contains a falt, andthat of the 
ammonical kind (ccxtv1), andas-befides:the , 
experiments of Pringle thew, . that) all falts; 
whether acid, bilicaliade er neutral, whether 
volatile or fixed,) are antifeptic (@), it is ebt 
vious to conjecture, that thefe two qualities 
arife from the fame fource, © 1» conecéived,. 
however, before I deterinined abfolutely,| that 
it would be proper to'attempt a few’ experly 
ments: It is ebferved by Pringle, that, ave 
muft employ common falt; which ie nearly 
refembles fal ammoniac, in'confiderable quany 
tity, if wewith it toactas an antifeptie;-ather- 

(a) Appendix, containing experiments on feptic and anti- 
feptic fubftances, . 3 
Aa 3 wife, 
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wife, it is fo far from checking, that it pro- 
motes putrefaction. ‘Thus a drachm of falt,. 
diffolved in two ounces of water, keeps meat 
{weet buta little while, and twenty-five grains. ~ 
a ftill lefs time; while ten, fifteen, and_even 
twenty grains haften its corruption, This 
paradox has been confirmed in France bythe 
learned Mr. Gardane. Notwithftanding thefe 
authorities, I determined to bring the matter _ 
to the teft of experiment. 1 therefore took 
four phials, and: putting into each three penny-~ 
weights, fix grains of frefh beef, pounded 
very {mall, I poured upon it an ounce and half 
of water. In the firft phial were diflolved ten 
grains of common falt, in the fecond fifteen, 
in the third twenty, and the fourth was left 
without falt, asa term of comparifon. The 
temperature of the place where they were 
kept, was about fifteen degrees. The firft 
phial began firft to emit a fcetid {mell, the 
fourth next, then the fecond, and laftly the 
third. The other’ tokens of putrefaction ap- 
peared in the fame order, When {al ammo- 
niac was fubftituted in the place of common” 
falt, the only difference jn the refult, con- 
fifted in the phial which contained no {alt, 
and that which contained ten grains, begin- 
ning to exhale a putrid finell at the aie 
time. It appears, therefore, that Pringle’s ex- 

\ ' periment 
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periment was accurate, and that the fame thing 
nearly is true of fal ammoniac. In order to 
determine whether the antifeptic property of 
the gaftric fluid arifes from the fal ammoniac 
it contains, I diffolved a quantity of that falt 
by degrees in water, till it had nearly ac- 
quired the fame faltnefs as the gaftric fluid; 
fome bruifed flefh was then tmmerfed in it.’ 
That the water and the liquor of the ftomach 
had nearly the fame faltnefs, I affured myfelf, 
both by tafting it, and by dropping a few 
drops of each into a folution of filver in the 
nitrous acid, when each afforded the fame 
white precipitate. But it is this caufe that 
prevents putrefaction; for the flefh immerfed 
in the falt water, emitted a fetid odour fooner 
than other flefh of the fame kind, -infufed in 
common water; and although when more 
fal ammoniac was employed, putrefaction was 
retarded, it was not prevented; to attain this 
end, eighteen or twenty times as much {alt 
as is contained in the gaftric fluid was requi+ 
fite. Thefe facts feem clearly to fhew, that 
the antifeptic quality of the gaftric fluid does 
not depend on the {mall quantity. of fal am- 

montac if Contains, : 
ccLxil, From the fceptic power of com- 
mon falt in {mall quantity, Mr, Gardane de- 
duces a confequence, which it may be pra- 
Aa4 per 
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per to notice in paffing. He thinks the com- 
mon falt we take with our food, being always 
in little dofes, forwards digeftion, by pro- 
moting putrefaction; upon which, accord- 
ing to him, as we have feen above (ccxL1x), 
that function depends. Though my nume- 
rous experiments completely deftroy this fup- 
pofition, yet it feemed worth while to try 
what would happen to fleth feafoned with 
fuch a proportion of common falt as haftens 
putrefaction, and given to different animals. 
Some tubes, filled with flefh thus. prepared, 
and others, with fome of the. fame kind, 
without falt, were given to. a dog anda cat. 
The animals were opened in five hours, and 
upon examining the tubes, I could not per- 
ceive that the falt had occafioned any differ- 
ence. What remained undiffolved, ‘had till | 
a flight falt tafte, but not the leait difagree- 
able Slaadis and it was juit as much wafted as 
the other, It therefore appears, that this {mall 
dofe of falt had neither promoted digeftion, 
nor produced any tendency to putrefadction, 
being overpowered by the antifeptic quality 
of the gaftric fluid. : 
- ecixiii. But to return from this ciple 
fion. If the falt contained in the gaftric fluid 
is not the caufe of its antifeptic power, to 
what other principle s gan it be owing ? Mace 
| bride's 
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bride’s theory concerning the origin of this 
, property in fo many bodies, has great inge- 
nuity. ‘The cohefion and {olidity of fub- 
ftances, is in his opinion owing to the fixed 
air they contain. Now when by any means 
this is taken away, the mutual adhefion of 
the feveral parts will be deftroyed, and the 
body will either run into the putrefactive fer- 
mentation, or crumble into duit, according 
to the nature of its conftituent parts. Hence 
it neceffarily follows, that whatever fubftance 
has the power of impeding the feparation of 
fixed air, or reftoring it iit feparated, will 
alfo prevent or cor rad putrefaction. . But an- 
tifeptic matters have, according to this phy- 
fician, fuch a power. -A piece of flefh, for 
inftance, furrounded by a fubftance of this 
kind, is kept fweet, becaufe the fixed air can- 
not make its efcape; and that, probably, on 
account of its pores being blocked up by the 
finér particles of the antifeptic matter.. Hence 
the flefh will long preferve its natural tafte 
and confiftence. If it has already become 
putrid, it will receive fixed air from the artti- 
eptic body, and hence ceafe by degrees to 
exhale a feetid {mell, lofe its fluidity and flab- 
binefs, and at laft recover its fweetnefs and 
“page (2). 
(a) Macbride, 1. c. . 
Will 
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Will not this theory account for the anti- 
feptic power of the gaftric fluid? Without 
going out of my way to examine the founda- 
tion on which it refts, I will obferve, that it 
feems by no means to afford the information 
wanted, fince the gaftric fluid is an antifeptic 
of a fingular fort. Other fubftances poffef- 
_fing this property, while they keep away pu- 
trefaction, preferve or reftore the cohefion of 
the parts; whereas the gaftric fluid being at 
once an antifeptic and folvent, while it pre- 
vents or corrects putrefaction, reduces bodies 
into very {mall particles. We mutt therefore 
conclude, that the property of this animal 
' fluid arifes from fome other principle, though 
I cannot determine what that principle is, 
both’ for want of experimental data, and on 
account of the imperfect {tate in which phy- 
ficians have left the theory of putrefaction. 
I therefore chofe to acknowledge my igno- 
rance, rather than invent fome gratuitous hy- 
pothefis; fuch a mode of proceeding would 
ill agree with the difpofition of one, who has 
no*other object in view than the difcovery of 
truth. 

ccLxiv. For the fake of my readers, it 
may be proper to recapitulate what has been 
proved in this differtation. Firft, of the three 
fpecies of fermentation piabatnee by modern 

chemifts 
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chemifts and naturalifts, viz. the fweet, the 
acetous, and the putrid, neither takes place in 
digeftion, Secondly, Though an acid fome- 
times appears during this procefs, yet it dif- 
appears entirely towards the conclufion of it. 
Thirdly, Putrefaction never in health attends 
digeftion, Fourthly, The gaftric fluid isa 
real antifeptic. I fuppofe my proofs, how- 
ever conclufive, will not avail with thofe who 
eftablifh it as an axiom, that wherever there 
is heat and moifture, there muft be fermen- 
tation; and think that itvmuit therefore ne- 


2 ceflarily take place in the food,, and not only 


in the ftomach and inteftines, - ‘but i in the chy- 
liferous and fanguiferous veffels: they indeed 
limit their doctrine fo far as to fay, that where- 
as out of the body it goes on rapidly, and 
with an inteftine commotion, in the body of 
it is flow, weak, and generally impetcepti- 
ble. Let me intreat thefe learned and zea- 
lous advocates for fermentation to reflea, 
that my experiments are not directly repug- 
nant to theirs. I only pretend to fhew, that 
not the fmalleft fenfible fermentation takes 
place in the ftomach of animals or Man. 
With re{pect to fenfible fermenfation, as it 


et amoneit uncertain things, found logic for- 


bids’ me alike either to admit or reje it. 
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By Joun Hunrer, F.R.S. and Surgeon 
to Sr. Grorce’s Hofpital *. | 


Ota accurate knowledge of the appear- 

ances in animal bodies that die of a vio- 

‘Tent death, that is, in perfect health, or in a 

_ found ftate, ought to be confidered as a ne- 

ceflary foundation for judging of the ftate of 
the body in thofe that are difeafed. 

But as an animal body undergoes changes 
aftet death, or when dead, it has never been 
fufficiently confidered what thofe changes 
ares and till this be done, it is ne es we. 


ead See Philofophical Tranfactions, Vol. LXIL. p. AAT. 
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fhould judge accurately of the appearances in 


dead bodies. The difeafes which the living ) 


body undergoes (mortification excepted) are 


always connected with the living principle,. 


and are not in the leaft fimilar to what may 
be called difeafes or changes in the dead body: 
without this knowledge, our judgment of the 


appearances in dead bodies muft often be very — 


imperfect, or very erroneous; we may fee ap- 
pearances which are natural, and may fup- 
pofe them to have arifen from difeafe; we 


may fee difeafed parts, and fuppofe them in a ~ 


natural ftate; and we may fuppofe a circum- 
ftance to have exifted before death, which 
was really a confequence of it; or we may 
imagine it to bea natural change after death, 
- when it was truly a difeafe of the living body. 
It is eafy to fee therefore, how a man in this 
ftate of ignorance muft blunder, when he 
comes to connect the appearances in a dead 
body with the fymptoms that were obferved 
in life; and indeed, all the ufefulnefs of open- 
ing dead bodies depends upon the judgment 
aid fagacity with which this fort of compa- 
rifon is made. 

There is. a cafe of a mixed nature, which 


cannot be reckoned a procefs of the living 


body, nor of the dead; . it participates of 
both, 
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both, inafmuch as its caufe arifes from the 
living, yet cannot take effect till after death, 

This fhall be the object of the prefent pa- 
per; and, to render the fubject more intelli- 
gible, it will be neceflary to give fome gene- 
ral ideas concerning the caufe and effeéts. 

An animal fubftance when joined with 
the living principle, cannot undergo any 
change in its properties but as an animal; 
this principle always acting and preferving 
the fubftance, which it inhabits, from diffo- 
lution, and from being changed according to 
the natural changes, which other fubftances, 
applied to it, undergo. 

There are a great many powers in nature, 
* which the living principle does not enable 
the animal matter, with which is is com- 
bined, to refift, viz. the mechanical and moft 
of the ftronger chemical folvents. It renders 
it however capable of refifting the powers of 
fermentation, digeftion, and perhaps feveral 
others, which are well known to ac on this 
fame matter, when deprived of the living 
principle, and entirely to decompofe it. The 
number of powers, which thus act differently 
on the living and dead animal fubftance, is 
not afcertained: we fhall take notice of two, 
which can only affect this fubftance when 
deprived of the living principle; which are, 

putre- 
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putrefaction and digeftion. Putrefaction it 
an effe& which arifes fpontaneoufly; digef= 


tion is an effect of another principle acting ~ 
upon it, and fhall here be confidered a little » 


more particularly. 


Animals, or parts of animals, poffefied af | 


the living principle, when taken into the fto- 
mach, are not the leaft affected by the powers 
of that vifcus, fo long as the animal princi- 
_ ple remains ; hence it is that we find animals 

of various kinds living in the ftomach, or 
even hatched and bred there: but the mo- 


ment that any of thofe.lofe the living prin- 


ciple, they become fubject to the digeftive 


powers of the ftomach. If it were poffible 
fora man’s hand, for example, to be intro-. 
duced into the ftomach of a living animal, — 
and kept there for fome confiderable time, 
it would be found, that the diffolvent. powers — 
of the ftomach could have no effec upon it; 


but if the fame hand were feparated from the _ 


body, and-introduced into the fame ftomach, _ 
we fhould then find that the ftomach swould 


immediately act upon it. 

Indeed, if this were not the cafe, we 
thould find that the ftomach itfelf -ought 
to have been made of indigeftible materials; 


for, if the living principle was not capable of q 


preferving-animal fubftances from undergo- 


ing 


bes 
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ite that. procels ‘the aac itfelf would be 
digefted. 

But we find on the contrary, that the {to- 
mach, which at one inftant, that is, while 


 pofieffed of the living principle, was capable 


of refifting the dizéttive powers which it con- 
tained, he next moment, viz. when deprived 


of the living principle, is itfelf capable of 


being digefted, either by the digeftive powers 


of other ftomachs, or by the remains of that 
power which it had of digefting other things. ° 
From thefe obfervations, we are led to ac- 
count for an appearance which we often find 
in the ftomachs of dead bodies; and at the 
fame time they throw a confiderable light 


upon the nature of digeftion. The appear- 


ance which has been hinted at, is a diffolu- 
tion of the ftomach atits greateft extremity; 
in confequence of which, there is frequently _ 
a confiderable aperture made in that vifcus. 


' The edges of this opening appear to be half 


diflolved, very much like that kind of diffo- 
lution which flefhy parts undergo when half 
digefted in a living ftomach, or when dif- 
folved bya cauftic alkali, viz. pulpy, tender, 
and ragged. 

In thefe cafes, the contents of the ftomach 
are generally found loofe in the cavity of the 


abdomen, about the fpleen and diaphragm. 
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In many fubjects this digeftive power extend¢ 
much further. than through the ftomach. ‘ 
I have often found, that after it had diffolved . 
the {tomach at the ufual place, the contents, 


of the ftomach had come into contaé& with 
the {pleen and diaphragm, had partly diffolved 
the adjacent fide of the {pleen, and had diffolved 
the diaphragm quite through ; fo that the con- 
tents of the ftomach were found in the cavity 


of the thorax, and had even affected the lungs 


‘in a fnall degree. 


There are very few dead bodies, in which — 


the ftomach is not, at its great end, in fome 
degree digefted; and one ihe iS acquainted 
with diffections, can eafily trace the gradations 
from the {malleft to the greatett. 

To be fenfible of this effect, nothing more 
is neceflary, than to compare the inner furface 
of the great end of the ftomach, with any 
other part of the inner furface; what is found, 
will appear foft, fpongy, and orattulated, 
and without diftinct blood-veffels, opake and 
thick; while the ‘other will appear {mooth, 
thin, and more tranfparent 5 and the veffels 
will be feen ramifying in its fubftance, and 
upon {queezing the blood which they con- 


tain from the larger branches to the fmaller, we 
it will be found to pafs out at the digefted 
ends : 


“ — e — - 
ee ee ee 
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ends of the veffels, and appear like drops on 
the inner furface. 


Thefe appearances I had often feen, and I © 
do fuppofe that they had been feen by others ; 


but I was at a lofs to account for them; at 


- firtt, I fuppofed them to have been produced 


during life, and was therefore difpofed to 
look upon them as the caufe of death; but I 
never found that they had any connection 
with the fymptoms: and I was {till more at 


_a lofs to account for thefe appearances, when 


T found that they were moft frequent in thofe 


who died of violent deaths, which made me 
fufpec&t that the true caufe was not even 
imagined (a). 

At this time I was making many experi- 
ments upon digeftion, on different animals, 
all of which were killed, at different times, 
after being fed with different kinds of food; 
| 72 | . fome 


(2) The firft time that I had occafion to obferve this ap- 
pearance in fuch as died of violence and fuddenly, and in 
whom therefore I could not eafily fuppofe it to be the effect of 


.difeafe in the living body, was in a man who had his fkull 


fractured, and was killed outright by one blow of a poker. 
Juft before this accident, he had been in perfect health, and 
had taken a hearty fupper of cold meat, cheefe, bread, and 
ale. Upon opening the abdomen, I found that the ftomach, 
though it fill contained a good deal, was diffolved at its great 
end, and a confiderable part of thefe its contents lay loofe in 
the general cavity of the belly. This appedrance puzzled me 

very 


372 APPEND xi ky 


fome of them were not opened immediately . 


after death, and in fome of them I found the 
appearances above defcribed in the ftomach. 

For, purfuing the enquiry about digeftion, 
I got the ftomachs of a vaft variety of fith, 
STR all die of violent deaths, and all may 
be faid to die in perfect health, and with their 
ftomach commonly full; in thefe animals we 
fee the progrefs of Hise ition moft diftinGly ; 
for as they {wallowed their food whole, that 
is, without maftication, and fwallow fith that 
are much larger than the digefting part of the 
ftomach can contain (the fhape of the fifth 
{wallowed being very favourable for this en- 
quiry), we find in many inftances that the part 
of the fwallowed fifth which is lodged in the 
digefting part of the ftomach is more or lefs 


diffolved, while that part which remains in 


the cefophagus i is perfectly found. 
And in many of thefe I-found, that this 
digefting part of the ftomach was itfelf re- 


very much. The fecond time was at St. George’s Hofpital, 
“in aman who died a few hours after receiving a blow on his 


head, which fraCtured his fkull likewife. From thofe two cafes,» 


among other conjectures about fo ftrange an appearance, I be- 
gan to fufpect that it might be peculiar to cafes of fractured 
fkulls; and therefore, whenever I had an opportunity, I ex- 
amined the ftomach of every perfon who died of that accident: 
but I found many of them which had not this appearance. 
Afterwards I met with it in a foldier who had been hanged. 


duced 
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dacedste thie fine diftslved ftate as the digef- 
ted part of the food. — 

Being employed upon this fubject, and 
therefore enabled to account more readily for. 
appearances which had any connection with 
it, and obferving that the half-diffolved parts 
of the ftomach, &c. were fimilar to the half- 
digefted food, it immediately ftruck me, that 
it was from the proce(s of digeftion going on 
after death, that the {tomach, being fete, 
was no longer capable of refifting the powers 
of that menftruum, which itfelf had formed 
for the digeftion of its contents; with this. 
idea, I fet about making experiments to pro- 
duce thefe appearances at pleafure, which 
would have taught us how long the animal 
ought to live’ after: feeding, and how long it 
fhould remain after death before it is opened ; 
and above all, to find out the method of pro- 
ducing the greateft digeftive power in the liv- 
ing ftomach: but this purfuit led me into ai? 
unbounded field. 

Thefe appearances throw bonaglrsblo 3 
light on the principles of digeftion; they. 
fhew that it is not mechanical power, nor 
contractions of the ftomach, nor heat, but 
fomething fecreted. in the coats of the fto- 

pach, which is thrown into its cavity, and 


Bb 3° there 
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there animalifes the food (a), or afiimilates it 
to the nature of the blood. The power of 
this. juice is confined or limited to certain 
fubftances, efpecially of the vegetable and 
animal kingdoms; and although this men- 
ftruum is capable of acting independently of 
the ftomach, yet it is obliged to that vifcus 
for its continuance. 


(az) In all the animals, whether carnivorous or not, upon 
which I made obfervations or experiments to difcover whether 
or not there was an acid in the ftomach, (and I tried this in a 
great variety), I conftantly found that there was an acid, but 
not a ftrong one, in the juices contained in that vifcus ina na- 
tural fiate. 
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Publithed at Edinburgh ip 1777. 


7 ‘HE following experiments were made 


at Edinburgh upon an Hufiar, a man of 


weak ynderftanding, who gained a miserable 


livelihood, by fwallowing ftones for the a- 


mufement of the common people, at the im- 


_minent hazard of his life. He began this 


practice at the age of feven, and has now fol- 
lowed it twenty years. His ftomach 1s fo 
much diftended, that he can {wallow feveral 
{tones at a time; and thefe may not only be | 
plainly felt, but may be heard, wheneyer the 
hypogaftric region is ftruck. 

i Bb4 EXPERI- 


, a 
376 AUP PEN D1 ke. Oe mS 4 
| EXPERIMENT Eee 


At eight o’clock in the evening, I gave the © 


fubject of my experiments a hollow filver, 
{phere, divided into two cavities by a parti- 


tion, and perforated on the furface with a 


great number of holes, capable of admitting 
a needle: into one of thefe cavities was put 


four {cruples and a half of raw beef, and into ~ 


the other five {cruples of raw bleak. The 
{phere was voided in twenty-one hours, when 
the beef was found to have loft one feruple 
and a half, and the fith two {cruples. The 
‘ reft was much foftened, but had no difagree- 
able {mell. 

11. A few days afterwards he took the fame 
-{phere, containing in one cavity a fcruple 


_ and four grains of raw beef, and in the other. 


four {cruples and eight grains of the fame 
boiled. In forty-three hours the {phere was 


returned, and the raw fleth had loft one feru- 


ple and two grains, and the boiled one fcru- 
ple and fixteen grains. 


111. Sufpecting that if thefe fubftances 


were divided, fo that the folvent could have 
freer accefs to them, more of them would be 
diffolved. I- procured another fphere with 


holes, fo large as to receive a crow’s quill, 
© 


and enclofed fome beef a little mafticated in 
| it. iy 
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, tiie “It was voided quite empty, thirty-eight 
a, 2 ‘ 
hours after it was {wallowed. 
tv. Seeing how readily the chewed meat 
_ was diffolved, I thought of trying whether it 
would be as foon diffolved in a fphere with 
large holes, but without being chewed. I 
therefore put a {cruple and eight grains of 
pork into one cavity, and into the other the 
fame quantity of cheefe, The {phere was 
retained forty-three hours, at the end of 
which not the fmalleft remains of either pork 
or cheefe could be found. 

y. He afterwards {wallowed the fame 
fphere, containing in one partition fome 
roafted turkey, and in the other forne boiled 
falt herring. In forty-fix hours it was void- 
ed, and nothing of the turkey or herring now 
appeared, both having been completely dif- 
folved. 

vi. Having found that animal fubftances, 
though inclofed in tubes, are eafily concocted, 
I next determined to try whether vegetables, 
which are more difficulty digefted, would 
be fo too. TI therefore enclofed an equal 
quantity of raw parfnep and potatoe in a 
fphere. It.was voided after having continued 
forty-eight hours in the alimentary canal, 
when both fpecies of vegetable were found 
to be diffolved. 


: vil. Pieces 
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raw and boiled, were diffolved in thirty-fix 
hours. | 

vii1. He next fwallowed fome grains of 
wheat, rye, barley, oats, and peafe, contained 
ina {phere, which remained feveral hours in 
the alimentary canal, but no alteration was 
produced on any of its contents, except upon 
the peafe, which were {woln, and burft by 
the humidity they had imbibed. | 

1x. The readinefs with which the gattric 
fluid had a&ted upon roafted animal fubftances, 
induced me to try what change would be pro- 
duced by it upon hard ones, fuch as bone. 
I therefore inclofed in one partition of a 
‘{phere, fome of the bone from a leg of mut- 
ton, and in the other part of a turkey’s wing, 
The {phere was retained forty-eight hours, 
‘The bone was weighed, and found to have 
loft nothing of its weight, while the flefh, 
ikin, and ligaments were quite diffolved, fo 
that the bones of the wing were now quite 
feparate; but they had undergone no per- 
ceptible alteration. 

x. Inanimate matters being fo readily fo- 
luble, I refolved to enquire how far living 


animals are capable of refifting the action of — 


this powerful menftruum. With this view, 
an animal fuppoied to be deftitute of pores, 
and, 


ha 


iw 
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vil. Pieces of apple and turnep, both 
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and, according to my experiments, capable 
of fuftaining a degree of heat equal to the 
human temperature, was enclofed in a {phere 
. perforated with fmall holes, to prevent the 
leech from wounding the ftomach. The 
Huffar-took it, and voided it about the ufual - 
time, when nothing was found except a black 
vifcid miafma, the remains of the digefted 
leech. ‘This experiment was repeated with 
earth-worms, and they were diflolved with 
equal facility. But as they cannot fo well 
fupport the human temperature, it is pro- 
bable they died before they began to be dif- 
folved*. 

It was my intention to make more experi- 
ments of this kind, but as the Huffar left 
Edinburgh foon afterwards, I was obliged to 
have recourfe to dogs and ruminating ani- 
' mals. 

xt. A whelp, three months old, having 
been kept fourteen hours without food, was 
forced to fwallow four oval ivory globes, of 
different fizes, and perforated with many 
fmall holes. One contained beef, another 
haddock, a third potatoe, and a fourth cab- 
bage, all raw, and weighing each fixteen 
grains. In four hours the animal was -killed 
and opened. The globes were found in the 


* Perhaps this is alfo the cafe with leeches. 
ftomach, 
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ftomach, and their refpetive contents were 


diminifhed in the following proportions: The 
ies had loft nine grains, the beef five, the 


ystatoe three, and the cabbage one. The © 


atebes themfelves ge dieck Sr to be thinner, but. 


s 1 had no fufpicion that the ivory would be 


aAedied by the gaftric fluid, I did not weigh 


them before the experiment. I could not 
therefore e3 cactly afcertain their diminution. 


xii. Having procured a whelp five months. 


old, it was kept fafting fixteen hours, and 
then four of the globes ufed in the foregoing 
experiment, each containing a certain quan- 
tity of mutton, turbot, parfnep, and pota- 
toe were forced upon it. Thefe fubftances 


had been previoufly expofed to the action of; 
fire, and.each weighed fixteen grains. Seven 


hours afterwards the animal was killed, and 


the globes were taken out of the ftomach;. 


when the fifth: was found to have loft ten 
grains and a half, the mutton fix, the po- 
tatoe fiye, and the parfnep nothing. The 
ipheres were become {till thinner, but I had 

as before, neglected to weigh them. 
x1ir. A dog fix months old was kept faft- 
ing the ufual time, and the fame four fpheres 
were given him. The firft contained fixteen 
grains of boiled mutton, the fecond as much 
boiied fifh, the third the fame quantity of 
boiled 
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boiled potatoe, and the fourth of boiled parf- 
nep. In eight hours it was killed and opened. 
The wlobed were found greatly altered. The 
extreme parts, not the middie, were totally 
 diffolved, fo that the contents lay loofe in 
‘the ftomach. The fpheres, before the ex- 
periment, weighed together three {cruples 
fixteen grains; the fragments weighed only 
one fcruple and twenty grains. The mutton 
-and fifth were entirely concocted, the potatoe 
had loft twenty-one grains; but the parfnep 
was unchanged. 

_ xiv. Being furprized at the fpeedy folu- 
tion of ivory by the gaftric fluid, I deter- 
mined to fubject other hard bodies to its 
action. I therefore carefully weighed three 
pieces of a fheep’s thigh bone, and gave 
them to a dog that had been long kept faft- 
ing. Seven hours afterwards the animal was 
killed, and the bones were taken out of the 
ftomach. The firft had loft feven, the fe- 


cond nine, and the third twelve grains. The 


folution began at the internal furface, and 
advanced towards the center, fo that the ca- 
vity was confiderably augmented (a). 

I more- 
~ (a) In order to affure myfelf that this folution was not owing 
to fermentation, or an acid, I immerfed a bone of the fame 


kind, in an alimentary mixture, confifting of roafted beef, 
wheaten, 
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I moreover obliged my dog to fwallow | 
pieces of cartilage, but I found that the gaf- 
tric fluid produced no effect upon them. 

xv; As the ivory {pheres and bones were 
fo readily diffolved in the foregoing experi- © 
ments, I was induced to make trial of fome — 
bodies ftill harder. With this view I pro- © 
cured fome cylindrical tin tubes, perforated 
with a great number of holes; of which 
four were given to a dog that had been kept 
fafting twelve hours. The firft contained 
fixteen grains of roafted beef, the fecond the 
fame quantity of veal, the third of fat, and 
the fourth of wheaten bread. In ten hours 
the animal was killed and opened, and the 
tubes were taken out of its ftomach.. The 
beef and bread were quite diffolved; the veal 
had loft only ten grains, and the fat eight and 
a half. The tubes had not undergone the 
{malleft alteration. 

xvi. As in the laft experiment the veal 
was not fo foon diffolved as the beef, I began 
to fufpect that the fleth of young animals in 
general is lefs eafy to digeft than that of old 


wheaten bread and water, beaten into a pulp. When it had 

remained forty-eight hours in a temperature, equal to 102 deg. 

of Fahr. Therm. it was examined: the fermentation had run 
very high, and the acidity was ftrong, but the bone had under« 

gone no diminution. It was, however, much foftened. 
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ries: I therefore took care to repeat the ex- 
periment with lamb and mutton, which were 
put in equal quantities into two tubes. ‘The 


tefult was as before. In feven hours the 


mutton was quite difiolved, whereas the lamb 
had loft only ten grains. The remains of 
veal and Jamb in thefe experiments were fur- 
rounded with a vifcid gelatinous matter. 

XVII. Sixteen grains of raw beef, and the 
fame quantity of roafted were inclofed in two 


tubes, and given to a dog, which was kiiled 


feven hours afterwards, when the former was 
found to have loft fifteen grains, while the 
latter was completely diffolved. 

xvii. The fame experiment was repeated 
with fith inftead of flefh. Sixteen grains of 
raw and as much boiled haddock, were en- 
clofed in two tubes, and given to a dog. 
When he was killed, no remains of the boiled 
could be found; the raw portion had loft 
fourteen grains. 

XIX. T next enquired whether quadrupeds 
or birds are moft ealily digefted. For this 
purpofe, equal quantities of beef, mutton, 
and fowl were inclofed in three tubes, and 


given to a dog; they were each roaited, and 


weighed fixteen grains. Upon killing the 
dog, and examining the tubes, I fou tad that 
the 
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the mutton and beef had been diffolved, 
while the fowl had only loft eleven grains. 

Moft of the experiments related above, | 
were repeated oftner than once, and afforded 
the fame refult. We cannot therefore enter- 
tain any doubt concerning the mode of di- — 
seftion in this clafs of animals. Whethet — 
the conco@tion of ruminating animals is ef- 
fected in the fame manner, I endeavoured to 
afcertain by the following experiments. 

xx. I gave a fheep four cylindrical tin 
tubes, each containing fixteen grains of raw 
_ beef, falmon, turnep, or potatoe; fix hours 
; Beye rie the animal was killed; the tubes 


were found in the firft ftomach. The fith 


and flefh were unaltered, whereas the turnep 
and potatoe were quite diflolved. 
xx1.. The fame experiment being repeated 
with the fame fubftances boiled, afforded the 
fame refult. The vegetables were digefted, 
and the beef and falmon unchanged. 
xxtt. Having found that the fheep di- 
gefts vegetables very readily, but is incapable 
of diffolving animal fubftances, I had next 
recourfe to the ox. Four tubes, one con- 
taining raw beef, another fifh, a third chop- 
ped hay, and the fourth leaves of pot-herbs, 
were given to an animal of this fpecies, and 
it was killed ten hours afterwards,. The tubes 
lay 
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lay in the firft ftomach; the fith and fleth 
were not altered; but I could find no remains 
of the hay or herbs. | 

Many experiments of the fame kind were 
made upon this animal, and they led me to 
the fame conclufion, viz. that the gaftric 
fluid of the ox kind, eafily and fpeedily dif- 
folves vegetables, but is incapable of pro- 
ducing this effect upon animal fubftances. 

In all thefe experiments, I attribute the 
fulution of the food to a powerful menftruum 
fecreted by the coats of the ftomach. It 
may be objected, that my experiments do 
not clearly fhew whether the food is con- 
coéted by the gaftric fluid, or by fermenta- 
tion, for both caufes may act equally upon 
aliment inclofed in the {pheres. But. befides 
the arguments already adduced to fhew (a), 
that fermentation does not produce this ef- 
fe&, many circumftances attending thefe ex- 
periments clearly fhew the efficacy of the 
gaftric liquor. For in the experiments in 
which the food was not quite diflolved, the 
folution always began at the furface, and 
proceeded towards the center, and what re- 
mained, fhewed no tokens of fermentation. 


(a) In the part that has been omitted. 
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In the x111th experiment ivory was dif- _ 
folved, while parfnep, a vegetable of foft 
texture, and liable to fermentation, :.was not 
at all altered. Wey 

To remove every doubt, the following ex- 
periment was feveral times repeated, and al 
ways afforded the fame refult. . | 

xx111. Having kept a dog fafting eigh- 
teen. hours, that his ftomach might be: free 
from the remains of food, I killed it, and 
collected about half an ounce of pure gaftric 
fluid, which was put intoa phial with twelve 
grains of roaft beef; The fame quantity of 
the fame beef was put into another phial, 
containing water, in order to ferve for a term 
of comparifon. Both phials were placed in 
a furnace, of which the temperature was 
equal to. 102--104° of Fahrenheit’s thermo- 
meter. In eight hours the beef in the gaftrie 
fluid was quite diffolved, whereas that in the 
water had undergone no perceptible altera- 
tions In twenty-four hours both ’ phials 
were taken out of the furnace and carefully 
examined. ‘The food diffolved in the gaftric 
fluid emitted a) rancid and pungent, but by 
no. means a putrid odour; it refembled. very 
much the fmell of burnt feathers. The meat 
in the other. phial was quite putrid, and in- 

teil tolerably 
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tolerably fetid; but its bulk was not dimi- 
nifhed: | 

J carefully obferved the phial cohaentnliie 
the gaftric fluid during the folution, but 
‘could perceive no air- Babies arifing, or any 
other toketi of fermentation. I repeated this 
experiment with mafticated meat, when the 

folution was mich more {peedily com-= 
pleted: 

I afterwards made trial of mutton, veal, 
lamb, and other animal; together with a great 
variety of vegetable fubftances ; all were eafily 
diffolved; but the time requifite for the com- 
pletion of this procefs was different, and 
anfwered exactly to the refults of the ee 
ding experiments. 

As in this experiment there was no ve of 
fermentation or putrefaction, I fufpected that 
the gaitric fluid, as well as the faliva (a), 
retards both the one and the other. In order 
to determine this, I made the fellowing ex- | 
periment: 

xxiv. I took two alimentary mixtures, 
each confifting of mutton and bread in equal 
quantities. Upon one, half an ounce of the 
recent gaftric juice of a dog was poured, and 


(a) Where did the author learn that the faliva checks fers 
mentation? It appears from all the experiments that have been 
inade to forward it. T. 


Cez upon 
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upon the other the fame quantity of pure 
water. Both mixtures were beaten toa pulp, 
and inclofed in phials accurately ftopped; 
they were then fet in a furnace, heated to 
the 102d deg. of Fahrenheit’s thermometer. 
Fermentation took place in a few hours in 
the phials that contained the water, the folid 
contents rofe to the furface, and air was ex- 
tricated with a confiderable inteftine motion. 
The mixture immerfed in the gaftric fluid, 
remained fourteen hours with fcarce any to- 
kens of fermentation; but a fhort time af- 
terwards, this procefs evidently took place. 
The bread and flefh arofe to the furface of the 
mixture, a fediment began to be depofited, 
and air-bubbles were continually extricated. 
But thefe phenomena continued much lon- 
ger than-in the other'phial; the commotion 
was lefs violent, and the air was not fo .ra- 
pidly extricated. When the fermentation 
had entirely ceafed, the tafte of the mixture in 
this phial was indeed acid, but not fo {trong 
as in the other, and it was converted into a 
fluid by the folvent power of the gaftric 
liquor. 
_ xxv. I divided a piece of putrid mutton 
into two parts, each of which was put into 
a feparate phial, andto one, half an ounce of 
thé recent gaftric fluid of a dog was added, 
and 
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and to the other, which was defigned as a 
term of comparifon, as much water. They 
were fet in a cool place, and two days after-~ 
wards I examined them, when the latter e- 
mitted an intolerably putrid fmell, and the 
other, though it had yet a bad odour, did 
not fmell fo difagreeably as the preceding, 
nor eyen fo difagreeably as at firft. Upon 
_ fhaking the phial, the meat fell to pieces, 
but it was not guite diffolved. This, per-~ 
haps, happened, becaufe it was not expofed 
to a fufficient heat. 

Thefe experiments throw great light-on 
digeftion. They fhew, that it is not the ef- 
fect pf heat, trituration, putrefaction, of 
fermentation alone, but of a powerful fol- 
vent, fecreted by the coats of the ftomach, 
which conyerts the aliment into a fluid, re~ 
fembling the blood. If it fhould be afked, 
what defends the organ itfelf, I would an- 
{wer, that it is the vital principle, as Mr. 
-Hunter’s (2) obfervations thew; after death 
jt is diffolved as readily as any other inanimate 
fubftance. It is probable, that every {pecies 

Ceo 3 of 


(a) Philofoph. Tranf. for 1772. The ingenious obferver 
feems, however, to attribute too much to this principle. He. 
fuppofes, that whatever poffeffes it, is capable of refifting the 
aétion of the gaftric liquor ; his arguments by no means ho 
t thids 
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of animal has its peculiar gaftric liquor, ca~ 
pable of diffolving certain fubftances only. 
Some living folely upon vegetables, others 
upon animals, and thefe cannot be obliged 
‘to feed upon plants, by a fait of whatever 
continuance. All, by an infallible inftina, 
choofe what is beft adapted to their gaftric 
fluid. ‘The food, when diffolved, is expels 
led from the ftomach, and being mixed with 
the bile and pancreatic juice in the duode-~ 
num, is changed into a mild blood and in= 


this. Worms, indeed, live in the human ftomach, butit does 
not follow, that other animals alfo can, for nature may have 
given them a particular ftructure of body. The following con- 
fiderations will render the general propofition very doubtful. 
Fithes {wallow and digeft living crabs, lobfters, &c. The 
Jeech is conco¢ted by the human ftomach, though it has no 
pores, and can fuftain a temperature equal to that of man, 
Cornelius found a fnakeshalf digefted in a bird’s ftomach, but 
ftill alive. Plot faw one eye confumed, while the fith was alive. 
It icems therefore probable, that the gaftric liquor aéts alfo upon 
living things. Perhaps, likewife, it is fometimes fo changed, 
as to act on the ftomach itfelf. The following cafes commu- 
nicated by Dr. Monro render this probable. A lady, that 
ufed to complain of pain in the ftomach, died fuddenly. - Upon 
opening the body, a hole was found in the left fide, and the 
coats were relaxed as.if they were half putrified. ‘There were 
no appearances of gangrene.. A boy died after having long 
ftruggled with fimilar pains. The ftomach exhibited the very 
fame appearance, if we except the hole. From the preceding 
fymptoms, one may venture to fuppofe, that fome alteration 
was produced before death. But. this is only conjecture, and 
future experiments muft determine the queflion, pre 

odorous 
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odorous liqrid, which is denominated chyle. 
The chyle is abforbed by numberlefs veffels, 
and is carried by the thoracic duc into the | 
fubclavian vein, in order to repair the con- 


ftant watte of the body. 
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REASONS of the author for treating concerning Di- 
geition. Syitenis relative to this function Page i 


DISSERTATION 1. 


ON THE DIGESTION OF ANIMALS WITH MUSCULAR STO 
MACHS, COMMON FOWLS, TURKEYS, DUCKS, GEESE, 
DOVES, PIGEONS. 


x. Owing tomeretrituration, according to feveral authors. 
This opinion extended by them to all other animals 3 
x1. Reaumur’s experiments on one kind of grain, whence 
she infers, that the reduction of the food to pieces is the 
effect of trituration alone in birds with mufcular fto- 


machs or gizzards — ) 
rir. Reaumur’s experiments extended by the author to 
other grain — 5 
t¥. Variation of thefe experiments —_— 6 
vy. Other variations of them by previoufly macerating the 
_ grain in the craw of gallinaceous fowls ib. 
> vi. By taking off the fkin — 7 
vite The fame fubjected to frefh trials in ducks, turkies, 
geefe, doves, and pigeons —— ib. 
vu, Conclufion ee —_— 8 


Ix, 


PD ee ee. BES 
rx. A neceffary precaution eee p. & 
x. Tin tubes broken and diftorted in the gizzards of 
turkies - ro oye 9 
xI. liable tothe fame accidents, though ftrengthened 
with iron wire, injuries {till more furprizing 10 
x11. A full confirmation of the Florentine experiments, 
concerning the trituration of empty glafs globules in 
the ftomach of gallinaceous fowls, the longer they re= 
main in the ftomach, the more finely are they pulveri- , 
zed. ‘Vhe facility with which they are broken, in pro- 
portion to the fize of the animal - 1I 
XHI. Profeflor Pozzi denies the trituratign of thefe 
balls - Ani Ae | = 12 
xiv. Vallifneri miftaken, in fuppofing that thefe effects 


are produced by the gaftric fluid ; - 13 
xy. Pieces of glafs lofe theiriedges and points by con- 
tinuing in the gizzard of a cock - 14 


xvi. Angles of a large garnet abraded in the gizzard of 
a pigeon “* | - ” 15. 
xvut. Coats of the gizzard not hurt by thefe fubftan- 
ces - ene siete ee 
xviti. Large needles fixed in a leaden ball, broken by 
the action of the gizzard of a turkey, without injury 
tothat organ. Injury done to the ball - ib. 
x1x. Lancets broken in the fame manner - 17 
xx. Time requifite for thefe effects to be produced 18 
xxi. The gizgard of young fowls fometimes a little hurt 
by the metallic. points - - ib. 
xxit. Why does not the gizzard fuffer from thofe fub- 
{tances - - cl 19 
xxirt. Whether, as fome fuppofe, becaufe the pebbles 
that are always found in it reduce thefe hard fubftances 


to pieces - - - 20 
xxiv. This is a mere bypothefis, and fhould be verified 
by experiment - | - ib. 


| xxy, xxyi. No foundation for the opinion of the Flo- 
rentine academicians, that hard bodies are more eafily 
broken, the more pebbles the bird has tn its giz 


zard = Lie - 21, 22 
xxvir. Means contrived for afcertaining the ufe of thefe 


pebbles * > - 22 
| XXVIfIo 
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xxyii1. When moft of them are come away, the effects 
~ of trituration not at all diminifhed. The gizzard not 

hurt by fharp bodies when it contains no ftones. ag 
xxix. Pebbles in the gizzard of neftlings - 25 
xxx. When it is proper to examine thefe birds, in order _ 
*~ to find their gizzards without ftones. ‘Thofe without 

them break down hard and, fhort bodies without fuf- 


taining any injury - - Mn Tied 
xxi. The queftion decided, whether digeftion depends 
on thefe ftones | - - 26 
xxx1I. Decifion of other curious queftions 2 


27, 
—xxxult. Fowls of this clafs do not-feem to feek them 
from defign, but only to fwallow them becaufe they 


are mixed among their food - 29 
xxx1y. Trituration is the immediate efc@ of the gal- 
tric mufcles - ~ 4} Gtiteey 
xxxv. Nature of the internal coat of the gizzard. It is 
_ divided by drawing fharp fubftances over it ib. 
xxxvi, Not fo when they are inclofed and agitated by 
‘ the hand — - - - 31 
xxxviit. Reaumur’s obfervations on the living gizzard. 
Slight motion of it - - 32 


xxxvitir. Similar motion obferved by the author 
xxix. Whether the gaftric mufcles alfo change the 
food into that pultaceous mafs called chyme. Faés af- 
fording room to fufpect, that the gaftric fluid produces 
this effect ~ -— - oy | 
x£. Other facts that add ftrength to thefe fufpicions 35 
xL1. Decifive experimenis in favour of thisopinion 36 
XLII, XLI11. Others equally decifive-- Precaution 38 --40 
XLIV, xLy. How an experiment of Reaumur ought to 
~ be underftood - - 40-42 
xLvi. Tounderftand digeftion thoroughly, it is neceflary 
' to examine the cefophagus and gizzard likewife. De- 


fcription of the cefophagus of a goofe ~ 44. 
xLvit. Numerous follicles of different fizes in it. Ex- 
* cretory ducts, and the fluid that oozes out ~ 45 
xtvii1. Defcription of the ftomach. Largenefs of the 

© mufcles. ‘ Their action. Cartilaginous coat 4 
xLIx. Otfophagus and gizzard of the fowl and turkey. 
~'Follicles. Fluid. Craw, and its glands ib. 
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r. CEfophagus and gizzard of other gallinaceous 
fowls - - 48 
u3. No appearance of glands in the gizzard. Whether » 
any fluid can come into it/by any other means. ~ Suf- 
picion of Reaumur on this fubjet. Experiments. 49 
iy; Liquor falls in plenty out of the cefophagus into the 


ftomach mo - aa 5% 
Lui. Bitternefs of the gaftric fluid occafioned: by the 
bile ~ - - 52 


tiv. Maceration in the gizzard, the firft fep towards 
digeftion. The manner in which it pafles from the 
craw to the gizzard - - | 

tv. Notrituration in the craw. Changes thé food un- 
dergoes in the gizzard - 

ivi. Artificial digeftion. The-gaftric Auid more effica- 
cious than water - « 55 

Lvil. The fame. Neceflary precaution * 58 


DISSERTATION Il. 


Pd : _ 
ON THE DIGESTION OF ANIMALS WITH INTERMEDIATE 
“STOMACHS, CROWS. HERONS. 


ivitt. In what fenfe crows can be called animals with 

" intermediate ftomachs ‘ 

zurx. Ufe of experiments on crows, becaufe they, like 
man, are omnivorous, Very convenient on account 
of their throwing up indigeftible bodies - 61 

tx. The itones in the ftomach more eafily evacuated 
from crows than gallimaceous birds, . Not requifite for 
digeftion.. Swallowed only becaufe they happen to be 
mixed among the food. ,- 6 

txi. Gattric fluid incapable of diffolving entire grains 63 

px. But it difloives bruifed ones. Ihe mechanical — 
action of the ftomack does not contribute to this 64 

Lxill. Variation of thefe experiments - 65 

ixiv. Tender vegetables eafily and foon diffolved by 
crows =. hoe 

ixv. Flefh diffolved without the concurrence of mufcy- 
lar action, Manner of aétion of the gaftric fluid 67 
fe ee 


\ 
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LXVI, LXVII, LXV. Experiments fhewing, that the di- 
geftion of the flefh is nearly proportional to the quan- 
tity of gaftric fluid by which it is invefted 69, 70--72, 

itx1x. Gaftric fluid of neftlings more efficacious than that 
of adult ones © - 74 

LXX, LXXI, LXXII, LxxuiI. An error of Cheeaes Gaf- 
tric fluid of crows incapable of diffolving hard bones-= 
Diffolves tender ones 75-=79 

_uxxiv. Whether the Sb phtaus of this bind wil dif- 
folve flefh like that of fome fifhes 79 

Lxxv. Ct fophagus of the crow defcribed. The follicles 


and the fluid - 80 
“Exxvi. The ftomach deicitbed-clits glands and their 

liquor - - 8x 
Lxxvil. Qfophageal juice produces fome concoc- 

tion > - 82 


uxxvilt. The cefophagus of neftlings more efficacious in 
this refpect “ iu 


ba 
LxxIx.. The whole length enene of digeftion g2 
Lxxx. The craw of pallinaceous bivds does not digeft 
food * - 85 


UXXXI, LXXXII, LXxx1t1, Convenient mode of procu- 
ring gaftric fluid from crows without killing them. 
Its abundance. Its qualities. ls continually fecre- 
ted into the ftomach . - 86-88 

LxxxIVv. Ihe cfophageal fluid procured in the fame way. 
Its {mall quantity. Bile gets into the ftomach. The’ 
reafon why ihe chen digelts fafter than the cefo- 
phagus 89 
~xxxv. Gaftric fluid out of the body at in the cold, 
not more efAcacious than water - ot 

UxxxviI. But when heat is applied, it then produces 
folution---Difference between its effeéts and thofe of 
water - - 93 

Exxxvit. Speedy concoétion of animal and vegetable 
matters by the gaftric fluid in the fun - 94 

LXXXVIM, LXXXIX, xc, xcI. Flcfh immerfed in gaftric 
fluid, not diffolved in the fpace of a few hours, within 
tubes perfectly clofe and introduced into the ftomach. 
Some infufficient conjectural explanations of this phe- 
nomenon. ‘The true reafon. Keflection on the im. 
portance of heat in thele expeziments ~  97--100 


XCII, 
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xert. Gaftric fluid: diluted with a great deal of waiter} 
produces folution ina brifk Heat. “ 102 
xcur. Herons kave an intermediate ftomach: Deferip- 
tion of it. Liquor fecreted from the nervouscoat into 
the cavity of the ftomach; not by glands, but pro- 
bably by arteries - - 103 
xcrv. Stomach of Heroris always contains eaftric fluid: 
ies qualities. Gallbladder. “The exfic duct pro- 


bably inferted into the duodenum ak 10 
xev, xcvi. Defcription of the cefophaguss Its folli- 
cles and liquor ~ . 106--107 


xevit. Stomach of herons compreffes its contents. Di- 
geftion, however; does not depend on this action, but 


on the gaftric fluid alone - . 107 
XEVII.. . hat of the heron more efficacious in diffolving 
bone than that of the crow - _ i10 
xc1x, c. The cefophagus of herons capable of produ= 
cing a fenfible degree of digeftion IIlI--11 
1. Proportion between the concoction of the cefophagus 
and ftomach - ~ ~ 114, 


eu, crit. Comparifon between birds with mufctilar and 
thofe, with intermediate ftomachs, with refpect to di- 
ee - > 116--117 


DISSERTATION? IIL 


OF THE DIGESTION OF ANIMALS Be MEMBRANOUS 
STOMACHS, THE FROG. NEWT»... LAND AND WA- 
TER-SNAKE, VIPER. FISHES. SHEEP. OX. HORSE, 


Reafons for sroatinig this fiber itt feveral differta- 


tions 11g 
CV. Singular way in which the saftrie fluid of the frog 
in a day’s time begins to diflolve flefh ~~ 120 


Avi. Ina longer time it diffolves it completely without 
the adtion of the gaftric mufcles, Slownefs of. this 
proce({s ~ = ay ie islets ar 

evi. In time it diffolves bone = 122 

-cvilt. The gaftric fluid of water-newts mote fpeedy in 

producing its effects than that of frogs ~ 324. 
3 cik, 
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cix. Difcovery,of two fpecies of worms in the ftomach 


of this animal - - 120 
£x. Defeription.. Reafon for fuppofing that one fpecies 
is hermaphrodite and oviparous - 127 
€x1. Stomach of this animal the refidence of thefe 
worms b ad? t - - ~ 129 
cx11. Similar worms between the internal and nervous 
_+ Coat in crows - 130 
ex1it. This is a certain proof, that the Bihan of the 
watec-newt has no fenfible action ~ 13t 


exiy. The reafon why infects that ferve the newt for 
-., food are digefted, and yet this never happens to the 


worms oe eee - - 133 
CXY, CXVI, Defcription of the ftomach and cefophagus 
in.fome land-fnakes > 1 34--1 26 


CXVII, Means contrived by the author, for obferving 
the various changes the food undergoes in the fomach 
of ferpents. without killing them 137 
exvirs. Gaftric fluid of itfelf capable of dinolitne fleth 
in certain land-{nakes. Slownefs of this procefs 138 
cx1x. The fame lefs flow, as the meat is lefs tough, and 
the gaftric fluid has freer accefs - 139 
exx. Cffophagus and ftomach of water-fnakes (deno- 
_ Minated xatrices) very like thofe of land-fnakes 440 
cxxi. In them dection’ is the effe& of the gaftric Auid 


alone - ib. 
exx11. Probable arguments that this fluid diflolves bone 
alfo - - 142 
exxiit. Analogy between the gaftric fluid of this and 
other animals - - 142 


cxx1v. Vipers refemble fnakes in the form of the cefc- 
phagus and ftomach, and in the mode of digeftion 144 
cxxv. No digeftion in the cefophagus of thefe ant- 
mals ui) 145 
exxvi, Digeftion quicker in the warmer feafons 146 
CXXVII, CXXVIII. Inftances of flefh lying a long time 
“in the ftomach of thefe animals without putrify- 
2 - - 148-9149 
exxix. Of digeftion in the eel - lay 
CXXX, CXXXI. Defcription of the ftomach and cefo- 
PP ABNS | of the carp. “Fhe fource ef the gaftric fluid 
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exexrr, cxxxtit. Defcription of thefe parts in the bar= 
bel and pike - ~ 154 
cxxxtv. Diyeftion in fithes the effect of the gaftric fluid. 
Origin and progrefsina pike - +? ee 
exxxv. The fame in acarp. The inferior part of the 
fiomach digefts more rapidly than the fuperior. Some 
degree of digeftion in the cefophagus. Proof that in 
fithes, ferpents, the newt, and the frog, digeftion is 
independent of trituration ~ 156 
exxxvr. T'wo-experiments of Reaumur on fheep_ 157 
exxxvi1. Reaumur’s experiments repeated fuccefs« 


fully . - - . 159 
exxxvi1r. Doubts whether they are decifive in favour 
of trituration > - 16t 


cxxx1x. Important circumftance overlooked by the 
French naturalift, which proves digeftion in fheep to 
be folely owing to the gaftric fluid «5 = ° 162 
exL. Confequences of thefe experiments “ 166 
cxi1. The gaftric fluid of fheep diffolves other fub« 
{tances befides herbs ~ 168 
exirr. An incipient digeftion obtained out of the body. 
Heat neceflary for this ~ 169 
‘extii1. The gaftric fluid is the caufe of digeftion in the 
ox and horfe - ~ | 172 
expiv. Ruminating animals very much refemble birds 
with gizzards, with refpect to the action of the gaftric 
fluid | - * 173 
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“DISSERTATION IV. 


THE SUBJECT OF DIGESTION IN ANIMALS WITH MEMBR Ae 


NOUS STOMACHS CONTINUED. SHE LITTLE OWL, THE : 


SCREECH-OWL,. THE FALCON, THE EAGLE. / 


cxiv. Recapitulation of Reaumur’s experiments on the 
digeftion of animals with: membranous ftomachs 175 
cxivi. Birdsof prey. ‘The gaftric Auid of the little owl 
incapable of digefting fome vegetable fubftances 178 
exLvii. Though capable of producing this effect on 
bone. ‘The ftomach has no triturating power 180 
CXLVI II. 
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exivist. Contrivance af the author for bririgiig: up 
tubes out of the ftomach of birds of prey at pleafure. 
Gradual folution of bone and fiefh in tubes by this 


owl 180 
€XLIXx, Inexhauftible fource of the gaftric fluid---Pros 
perties - 183 
cx. It diffolves Aefh out of the body ~ 185 
ext. Defcription ot the cefophagus and ftomath. Source 
of the @aftric fluid - - 187 
eri. Morbid condition of a fcreech-owl, that rendered 
the gaftric fluid incapable of digefting Aefh 189 
eLur. Which is very efficacious in health ~ 190 


@riv. Then even bone is readily diflolved. The cefo- 
phagus, in one fpecies of fcreech- owt diffolves flefh 

nearly as well as the ftomach gt 
eLv. Artificial da with the eaQite fluid of this 


fpecies ~ eA 
etvi. Another piceics of hee aT exactly like the 
preceding - - ib. 
evil. Way to give tubes to a large falcon without ir- 
ritating it - ~ 194 
cLviil. Singular digeftion of bone intubes __. 195 
cxix. Of the fame loofe in the ftomach. Hard Bones 
Jong i in being diffolved ~ 198 
CLX. Soft ones the contrary 199 
exix1. Enamel of the teeth not diffolved - 200 


eLxir. The fame thing with refpeét to horn, and the 
cartilaginous coat of the gizzard. Tendon digefted 20r 
eixii1. Leather not digefted. Another kind digefted 202 
etxiv. Gaftric fluid of the falcon does not digeft vege- 
tables 2.03 
cLxy. Fleth and Bone digefte out of the body in a i. 
ficient heat - 204 
eixvi. Mode of digenion within and without the body 


alike. The craw does not diffolve Acth 205 
e_xvi. Offophagus and craw full of glands, Part of 
the gaftric fluid comes from the ftomach ib. 
ecixvitt. Eagle - 207, 
erxix. Its food. Courage in Gare id deftroying 
animals larger than itfelf 208 
@LXx. Liquor running from the noftils into the mouth 
while it takes food: Conjecture on its ufe 210 


Vor. I. Dd CLxXI. 
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cLxxI. Falfehood of the opinion, that birds of prey, and 


efpecially eagles, never drink - > 215 
evxxit. Whether the eagle can live an bread. Its aver- 
fion for this food - - , ib. 
¢LxxiiI1: When introduced into the ftomach it is eafily 
digefted - 212 


eLxxIv. This is the mere effec of the gal fluid igor 
Manner of its a€tion 

giuxxv. Gaftric fluid of the eagle adhe digefts bes 
fubftances befides animal ones. Some carnivorous 


birds turn frugivorous, and reciprocally 215 
cLxxvi. Stomach of the eagle has fome motion, but is 
incapable of triturating - 218 


CLxxvir. Craw has no part in producing digeftion 2 tg 
eLxxvii1. The manner in which flefh is decompofed in 


_, the ftomach of the eagle ° 226 
CLxxix. It acts in ane fame manner on flefh inclofed in 
tubes “ 223 
exrxxx. Fleth digefted i in proportion as the accefs of the 
gattric fluid is more or lefs free oS 224 
CLxxx1. Readinefs with which the sain fluid infinuates 
itfelf into compact bodies ib. 

- cLxxxit. This fluid foon diffolves hard, bones. Singu- 
lar phenomena attending thefe folutions 226 


¢rxxxut. Gaftric Auid of the eagle fooner diffolves bone 
than that of other birds---does not a& on the enamel 


of the teeth 228 
exxxxiv. Whether it diffolves fleth alfo coguien: Kiit- 
take that may arifein this enquir - | 229 
CLxxxv. A quantity of gaftric fluid vomited fpontane.. 
oully every day by the eaple. Its qualities 232 


cLxxxvi. Artificial digeftion, The gaftric liquor.does 
not eafily freeze * ~ 233 
¢€LxxxVil. Inteftines, panersass and gall-bladder de- 


{cribed - 235 
CLXXXV1III. Small foe of the ftomach compared with 
the craw. Coats of the ftomachs. Glands 237 


CLxxx1xX. Gaftric juices made bitter by the bile. . Li- 
quor that oozes out from the infide of the craw. CE- 
fophagus and craw without glands. PuBspe at liquors 
compofing the gaftric fluid. bing 240 
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DISSERTATION! Voi 


FRE SUBJECT OF DIGESTION IN ANIMALS WITH MEMBRAA& 
NOUS STOMACHS CONCLUDED. THE CATs DOG. MAN, 
* WHETHER DIGESTION CONTINUES AFTER DEATH. 


exc, The gaftric fluid of the cat the efficacious te e 
 digettion - 

exci. Enquiry concerning the origin éf this fluid ae 

exci. Slight analyfis of the gaftric fluid of the dog. It 
diffolves ftefh, bread, and cartilage, inclofed in tubes ib. 

CXCIII, CXCIV, CxCV. MBidethasve thinks that dogs can- 
not digeft inteftine flefh and ligament, Is miftaken. 


Caufe of his error 247--252 
excvi. Undetermined queftion, ‘phether dogs can dif- 
folve bone - - 256 


€xcyil, cxcyitt. Experimental enquiry. Determination 
in the affirmative. Gaftric fluid of fome dogs corrodes 
the enamel of the teeth. At the time it diffolves bone, 
leayes linen untouched - 258, 259 
excix. Slight motion in the ftomach during digeftion 264 
cc. Viltble, however, on opening the abdomen 262 
ect. The fame in the cat. Incipient digeftion produced 
by the gaftric fluid out of the body - 264 
ecii. Enquiry concerning the origin of this Auid 265 
cecut.. The ‘chief of thefe experiments repeated upon 
Man. Neceflity for this 267 
cctv. Mafticated bread inclofed in Biss perfectly digei- 
ted in the author’s ftomach. Not completely, when 
the folds of linen are very numercus ~ 268 
ecv. The fame with refpect to different kinds of fleth 
boiled and chewed, and inclofed in fingle bags 269 
ecvi. The fame in boiled Aefh not chewed 270 
- @cvil. As alfoin raw flefh - 27% 
€cvir1, cc1x. Flefh inclofed in tubes, digefted in the 
author’s ftomach. This is the effeé& of the gaftric 
fluid alone. Proofs that the human ftomach does not 
triturate food ~ ~ 27 1--27 3 
ecx. Confirmation of thefe proofs, Rn i 
fingular phenomenon 274. 
¢cxt. Chewed Aefh and bread Hendy digefted than that 
which is net chewed, Reafon of this difference | 278 
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ecxtr, ccxtrx. Flefh, membrane, tendon, cartilage, 
perfectly digefted inthe human ftomach —277, 278, 

ccxiv. Alfo tender bones, but not hard ones. The intef- 
tinal fluid has fome part in producing thefe effects 278 

ccxv. The author’s method to procure the gaftric fluid: 


in a ftate of purity - 280. 
ecxve. Its qualities. Incipient digeftion out of the 
body - - 282 


ecxvi1. Confirmation of this experiment. Proof of the 
~ neceflity of a certain degree of heat. Experiment pro- 
ving, that a great degree of digeftion is produced’ be- 
fore the food paffes to the inteftines - ae 
CCXVIII. Recapitulation - 286 
CCKIX. Boerhaave’s opinion concerning digeftion 288 
CCX, CCXXI, CCXXII. Facts that oblige the author to 
~ relinguifh this opinion. Refutation of an opinion, 
which confines the aétion of the ftomach to the extrac= 
tion of the juices of animal and vegetable fubftan- 
ces - - 290--296 
-ccxx1i1. Whether, according to Hunter, the great 
curvature of the ftomach is diffolved after death; 
whence he infers, that digeftion continues after death 


- - ’ 298 
ecxxiv. The author’s obfervations do not exadtly coin~ 
cide with Hunter’s 299 


ccexxv. Means to determine, whether digeftion does 
— really rake place after death, Employed in a crow, 
and feem to prove the affirmative. Comparifon be- 
tween digeftion in a dead and living animal’ 300 
CCXXV}. No digeftion in the cefophagus after death 302 
cexxvii. he influence of heat in thefe experiments. 
— Digeftion gots on equally well after death, whether the 
animal is killed ‘immediately after having {wallowed 
food, or food is introduced after the animal is killed 303 
ccxxviti. Further experiments, When birds have 
- digefted the food.to a certain degree, that procefs ad- 
vances no farther, though it fhould continue longer i in 
the ftomach | - - go 

_gexxix, ccxxx. Digeftion after death in fifhes Be 
quadrupeds. Proofs of the neceffity of heat to digef- 
tion in many animals ‘ib. 306 
©CXAXI. Digeition after death docs not go on fo wet 
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hen the ftomach is taken out of the body. Reiter 
why the ftomach i is not foon fubject to be diffolved as 
the food - ~ ag 


DISSERTATION VI. 
WHETHER THE FOOD FER MENTS IN THE STOMACH. 


ECXXXIE. Boerkaave thinks, that an incipient fermen- 
tation only can take place i in the ftomach 310 
CCXXXIII. Different opinions of Pringle and Macbride. 
Their proofs, that digeftion is a. fermentative proceis 
deduced from food fet in veffels. Application to the 


human body. - - Zin 
¢exxxiy. This procefs takes place in veflels, whether 

water of faliva is employed - 31. 
ccxxxv. Doubts whether this would happen with the 
* gaftric uid = x 316 
ecxxxvi. Experiments that prove the negative 317 


€CXXXVIT, CCXXxVIII. Examination of the food during 
the time of digeftion in feveral animals. No fermen- 
tation obferved. Reafons for doubting, whether even 
an incipient fermentation takes place » 31Q--321 
ecxxxix. Whether any acid principle accompanies di- 
geftion. Proofs adduced by fome in favour of this 
opinion ~ - ee oe) 
€CXL, ccxLI, ccxti1. This principle is very far from 
being obferved in all food, and all animals. When it 
is obferved, it difappears at the completion of digef- 


tion - “ 323--326 
€cXLi11. This acid does not come from the gaftric fluid, 
but the food ~ ~ 32 


CCXLIV. Chemical analyfis, which ene that the gaf- 
tric fluid i is neither acid nor alkaline, ae neutral gis 
CCXLY. “Argument of {ome phyficians, in favourof a la- 
tent acid inthe gaftric fluid, deduced from the coagu- 
Jation of milk ia the flomach! Experiments with the 
internal coat of the ftomach | = 332 
ecxtvi. The other coats do not curdle milk 334 
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ecxtvit. It is probable that this property is communi- 
eated to the internal coat by the gaftric fluid. This 
Auid curdles milk as well as rennet ~ 335 
ecxLyrir. It is very doubtful, whether this property is 
a proof of Jatent acidity - ro S 
ccxL1x. Facts adduced to prove, that digeftion is ac-- 
companied with putrefaction - 
ccx. Digeftion is over in fome animals, before putre- 
faétion can begin ere 339 
@€cLI, CCLIJ, ccLrry. Examination of feveral animals 
during the time of digeftion. No token of putrefac- 
HORT i ie ee 
eciiv, Except in fick animals. ‘The faéts mentioned in, 
ccxL1x. examined and explained - eae’ 
ecty. The gaftric fluid is not only a menftruum, but 
antifeptic - ” 347 
ectvi. Itcorrects putrefaction in phials 349, 
ectvir. Putrefaction begins in the craw of gallinaceous 
birds, but is checked when the food pafles inta the 


gizzard © ~ - 359 | 
— €civrii, ccrrx. The ftomach has the power of cor- 
recting putrefied food = 7-353 


+" p 
ecrx. RefleGtion on the animals that feed on Batra flefh. 
Some animals that naturally abhor it, may be brought 
to feed on it - ~ 355 
ectx1. The antifeptic power of the gaftric fluid not ow- 
ing to the falt it contains bee 357 
ecLxi1. Error ofa learned French writer, who fuppofes 
that a little common falt promotes digeftion °2 
ecrxri1. The antifeptic property of the gaftric fluid 
cannot be explained by the fpecious . theory of Mac- 


bride. The caufe unknown to the author | 360 
ecexry. Recapitulation - 362 
Mr. Hunter’s Paper - ed 365 © 
Dr. Stevens’s Experiments - 375 
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